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EDITORIALS 


The First Twenty-Five Years 


The Society has now completed the first quarter-century of its existence, its 
first official meeting having taken place in an office in Dale Street, Liverpool, 
on Friday, 13 October, 1933. In the first issue of the Society’s Journal the 
Founder (Mr. P. E. Cleator—happily still with us as one of our five Honorary 
Fellows) wrote: 

“The ultimate aim of the Society, of course, is the conquest of space and thence 
interplanetary travel. That such a programme entails the solving of a formidable 
array of problems there can be no denying. It is only over the solution or otherwise 
of these problems that opinion becomes sharply divided. 

“Strangely enough, the sceptics, who at the moment present an overwhelming 
majority, rarely claim to know anything about the subject which they so readily 
condemn. Their reasoning is almost invariably based on the fallacy that because 
the idea of interplanetary travel is revolutionary, and until recently, unheard of— 
that because, to them, it savours of the impossible—therefore it is impossible.”’ 
This is a convenient time to consider what progress has been made and 

what position has been reached, but it is unnecessary to deal here with the 
history of the Society—a more detailed record is shortly to appear in the form 
of a book: Twenty-Five Years of British Astronautics, by Mr. K. W. Gatland. 

The ultimate aim of the Society remains the same. The achievement of 
this aim is still a long way off, but mankind has made Satisfactory progress 
towards it, and the Society has played its part in the bringing about of this 
progress—by providing a forum for the discussion of astronautical subjects, by 
helping to promote new ideas, by disseminating this information, by cam- 
paigning for the adoption of realistic spaceflight programmes, by fostering and 
encouraging the development of the International Astronautical Federation 
and of interplanetary societies in other countries, and in many other ways. 

Some of the problems that faced would-be astronauts in 1933 have been 
solved but many more new problems have succeeded them. Argument over 
alternative solutions has been replaced by experiment, philosophy by science, 
speculation by engineering. No longer are sceptics in the overwhelming 
majority—they are hard to find. Indeed some of the former sceptics now 
write or speak as experts on astronautics—with a degree of success depending 
upon whether they have merely dipped into one or two popular books or 
read more comprehensive works of the calibre of Realities of Space Travel. 
To-day the position has changed so much that anyone who suggested that 
interplanetary travel was impossible would be widely regarded as ignorant or as 
acrank. Such opposition as exists is mainly on financial or sociological grounds. 
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Twenty-five years has also seen a considerable change in the Society itself. 
Its membership has grown from barely more than a dozen to over 3,000, and 
its status is higher than ever before. No serious worker in the field of astro- 
nautics can afford to disregard the Society’s Journal. 

However, we must not rest on our past record nor remain content with our 
present position. We must ensure that the growth and progress of the Society 
during the next 25 years not only equals but exceeds past achievements. 
This is essential if we are to keep pace with the great developments in astro- 
nautics which we confidently expect to see in this coming period, if we are to 
fulfil our obligations in helping bring about these developments. 

As in the past, the development of the Society will be to a large extent 
dependent upon the interest and enthusiasm shown by the ordinary membership 
—in introducing new members, participating in Branch affairs, submitting 
contributions for publication, lecturing to outside organizations, and so forth. 
A heavy responsibility also rests on the Council and Officers of the Society, who 
are concerned with general policy and the conduct of the day-to-day affairs of 
the Society. For some time, Council and its Committees have been considering 
measures necessary for future progress. An announcement will shortly be 
made concerning proposed changes in the membership structure of the Society 
and in the requirements for new entrants (it is not intended that the status of 
existing members should be adversely affected). 


Tenth International Astronautical Congress 

The scale of the Society's activities increases year by year, but 1959 will see 
a much greater increase than ever before. The Tenth International Astro- 
nautical Congress is to be held in London next September, and the Society will 
be responsible for its organization. 

The Congress was originally scheduled to be held in Moscow, but this will 
not be possible. At the Ninth Congress held recently in Amsterdam, the 
International Astronautical Federation asked the B.I.S. to act as host Society, 
as being the only European society able to undertake the task in so short a time. 
The B.I1.S. delegation agreed to this request and preparations have already begun. 

This will be the second Congress organized by the Society, the I.A.F. having 
been formally established at the Congress held in London in 1951. Next year’s 
will be on a much larger scale, however. That at Amsterdam was attended by 
about 400 people and about 100 papers were presented (this figure includes the 
contributions to the special Colloquium on Space Law); it is possible that there 
will be an even greater attendance at the next Congress. In addition to the 
lectures and the business meetings of the I.A.F. and its committees, the Society 
will have to arrange for excursions, works visits, receptions, a banquet, and other 
social activities. Much preparatory work will be involved in addition to the 
effort put in during the Congress week, but this work will be well worth while. 

Those of our colleagues abroad who attended the 1951 Congress often tell 
us of the pleasant memories they retain of that event. We hope that the 1959 
Congress will be equally memorable, not only for our overseas I.A.F. friends 
but also for B.I.S. members in this country. Congress year must set the 
keynote for our next 25 years! 
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OPTIMUM THRUST DIRECTION FOR 
MAXIMUM RANGE* 


By Professor G. LEITMANN,t Ph.D., FELLow 


SUMMARY 


Necessary conditions are derived for the existence of an optimum direction of thrust 
in order that a rocket of specified configuration reaches maximum range. 


Introduction 

In a recent paper Fried and Richardson! derived necessary conditions for 
the direction of thrust of a rocket of given configuration (initial and burn-out 
mass, thrust/time history, and burning time) required to attain maximum 
range. The main problem was idealized to flight im vacuo over a flat, non- 
rotating earth. The more general problem of flight in the atmosphere over a 
spherical but non-rotating earth has been discussed by the author.? It is the 
purpose of this note to present the details of an alternate derivation of the 
results of Fried and Richardson and to extend them by showing that the 
necessary conditions for existence of a local maximum are met. 


1. The First Variation 
Let dot denote differentiation with respect to time, and: 
t = Time. 
x = Horizontal coordinate of the rocket (considered as a point mass). 
y = Vertical coordinate of the rocket. 
p = &. 
q= 9. 
m (t) = Rocket mass. 
T (¢) = Thrust. 
¢ (t) = Thrust direction angle with respect to the horizontal. 
t, = Burning time. 
t, = Time of coasting (free) flight. 
X = Total range. 
g = Gravitational acceleration (taken constant). 


Subscripts: 
0 = Conditions at start of powered flight. 
b = Conditions at burn-out. 
i = Conditions at impact. 


* Manuscript received 23 April, 1957, and in revised form 4 January, 1958. 
t Assistant Professor, Dept. of Engineering, University of California, Berkeley. 
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The equations of motion are: 





ai Gal 4 T 
& = p = — cos ¢, j=9 = —sind—g 
td se ? (1.1) 
p =%, q=y 
and the total range: 
X=, + pot, ** ** ** (1.2) 
where: t=[g.+ Vat 2lye—ydle* .. (18) 
In equation (1.3) the + sign is to be taken. 
Integration of equation (1.1) yields: 
A A = 
T ee 
by — ty = | 5,005 du, dv —ao= | j,sin g dt — et 
0 0 
ty 
T 
ty —o= | (to — 95008 b dt + bob (1.4) 
0 
‘, 
yee ; 
Yo—Yo= | ty — 4) > sin p dt + qoty — bete 
. J 





We may take x, = y, = 0 without loss of generality. The integrals in equation 
(1.4) require that T/m and ¢ be piecewise continuous in the interval 0 < ¢ < #,. 

Upon substitution of equation (1.4) in (1.2), it becomes apparent that X is 
a functional of ¢, t.e., the value of X depends on the choice of function ¢ (é). 
The problem now is to find that function ¢ (¢) for which X takes on a maximum 
value. Just as in the ordinary problem of the calculus of variations (e.g., see 
Courant and Hilbert’), let ¢ (¢) stand for the required extremizing function, and 
introduce neighbouring functions 


d= ¢+ <d¢ ¥ +8 te “e (1.5) 


where 5¢ = 8¢ (#) is an admissible variation and ¢ is a time-independent 
parameter. Since X is a functional of ¢ (¢) only, and not of its derivatives, it 
will be required that ¢ (¢) and 4¢ (¢) be merely piecewise continuous in the 


interval 0 <t¢ <4#,. 
Substitution of (1.5) in (1.4) and retention of terms to O(¢?) lead to: 


Xp (€-) = Xp + €dxy + Sx, + Pot, 

Vo (€) =o + €byn + Sy + Gotn — bate? it 6) 
Po (€) = po + Opn + 78%, + ho 

Go (€) = Jo + €5gy + €75°G, + Go — Sto, 
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T T 
where: 6x, = — | (¢, — ?) sin d d¢ dt, by, = J — t) = 2S dg at 
0 0 


°T T 
apy = — |Z sin 66 a, Bg, = | 500s 4 86 dt, 


0 


and: 
4 
- l T 
51,= —5, | ¢ — 4 7 COS ¢ (54)? at 


c 


- l + 
ey, = — ry | (¢, — t) — sin d (5d)? at 








0 
’» . 
a i (ee 24 on 1 a 2 di 
yom 7 008 & (5¢) t, Jo=—~ 9} 5 in ¢ (89) . 
0 0 
Upon substitution of equations (1.6) in (1.2): 
X = X(e) 6 a is a (1.7) 
and in order that X take on an extremum value: 
dX 
_; a ee ok 


de le = 0 
Performing the operations indicated in equation (1.8) results in: 
Pr 
tan @ = ; 
¢ V0" + 2g (ys — 91) 


Equation (1.9) is a necessary condition for the existence of an extremum value 
of X. It is seen that dé = constant; thus: 


Xx, = A cosh + fot, 

. — ei ws _ t,2 

ve in d + Goty — 3 ate = * .. (1.10) 
pP, = Boosd+ fy 

q, = Bsingd + gq — ty, 


t t 
) 





(1.9) 





T T 
where : A (t, — 2) a th B= | ™ at. 


0 0 


Equation (1.9) is then a transcendental equation which may be solved for ¢, 
when m(t), T(t), ty, Po, Yo, and y, are given. 
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In passing we may note that for ¢, = 0 (impulsive thrust) and fp) = g = 0, 
y, = 0, equation (1.9) becomes: 


° 7 
tan ¢ = cot d, t.é., ¢= i: 
In other words, the result for a projectile is obtained as expected. 


2. Second Variation 
In order that the extremum value of X, with ¢ given by equation (1.9), 
be a maximum (in the small or local), it is necessary that: 


d*X(e)| 











a =e _ “ we (2.1) 
This operation on X (e) yields: 
d*X (e)| PP» 5p» 9007» + £8V» 
—, | = 23x, + 2(9, + —+2— — 22 
de® le = 0 *b (Jo } ) g g 3g» V + 
Profs so, , (O40)® + 2gr8%n + 2e82y» (God + S8y)*] gg 
4 P = 0°C, + V — ys 2.2) 
where = Vq,7 + 2e(v, — ¥;)- 


However, since ¢ = constant, equations (1.6) lead to: 


Sx, Spy _ ‘ = ‘ 

Sy, = 59, = — tan ¢ = — ee oe ee (2.3) 

Sx, 5), ‘ 
and iy, = —_— wa toa * Ci e ¥ (2.4) 


In view of equations (2.3) and (2.4), equation (2.2) reduces to: 





d*X (e) " y2 ‘ 
dé |-—0 = V-* [25 (V2 + p,?) (t,8°¢p i dy ,) _ Lp p(tdqp me ays] (2.5) 

. Sy, <0 
Since 39, ig 0<¢d<c7 .. ia 6 se (2.6) 


and clearly only 0 < ¢ <5 is of interest, inequality (2.1) is satisfied. 


3. Example 
The results obtained in this paper will now be applied to the example of a 
two-stage rocket of the following configuration: 
Mig = 24,500 Ib. wt. = first stage weight (full). 
M1»2 = 2,450 Ib. wt. = first stage weight (empty). 
ty, = 50-4 sec. = first stage burning time. 
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T, = 105,000 lb. wt. = first stage thrust. 
Mogg = 4,500 Ib. wt. = second stage weight (full). 
Mpg = 450 Ib. wt. = second stage weight (empty). 
tye = 50-5 sec. = second stage burning time. 
T, = 19,250 lb. wt. = second stage thrust. 
mg = 1,000 Ib. wt. = pay-load weight. 


Both thrust and mass rate are taken constant. Under these conditions 


A=4,+4, Tee DS cae 


T M1, + Mog + ™ Mm,» + Mon + mM 
1 10 20 l 1d 20 l 
where A, =— t, + ———_ ] In —ty 
ay ay My + Mog + Mm, 
pi 











(3.2) 
2 Mog + My Ms, + M, 
A, =— Sa, Sat ln ——_-_ — ty 
a ay Moy + mM, 
ate B= B,+ B, a xg. 4 
z: m + Me, + Mm 
1 1b 20 1 
where B, = — In 
ay, Myg + Moy + My, 
T2, Mop + ™ 
B, — — jn —— 
ay Moy + M, 
M14 — My 
and a, = 
toy 
ty toy T too 
Msy — Moo 
ay —___= 
toe 
For Po = @ = 0, y, = 0, 


the optimum thrust direction angle is then: ¢ ~ 47° 
and the total corresponding range is: X ~ 2,167 miles. 
The trajectory angle at burn-out: 


6, = tan afe ~~ iF, 
b 


so that the burn-out angle of attack (if one may so designate it im vacuo) is: 
8, =o — 0, ~T°. 
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A NOTE ON “A NUCLEAR ELECTRIC 
PROPULSION SYSTEM” * 


By H. Preston-THomas,? B.Sc., PuH.D., FELLow 





(Commumication from the National Research Council, Canada) 


SUMMARY 
A recent paper’ has derived an expression for the maximum overall specific impulse of 
an ion rocket. Since insufficient account was taken of the variables involved, this expres 
sion is incorrect; solutions that are valid for various design parameters are given in the 
present paper. Overall specific impulse, however, is not in general a useful criterion in 
assessing the performance of a rocket, so relations replacing this by the characteristic 
velocity are presented. A special case of the exhaust velocity being variable with time is 
considered. It is further pointed out that the characteristic velocity of an ion rocket 
should not in general be made a maximum, and that instead such a rocket should be 
considered in terms of a particular transit, the transfer time being minimized. The solutions 
for the special case of a transit with fixed exhaust velocity or fixed acceleration in field-free 
space are given and are used to derive the characteristics of an ion rocket to which specific 

design and performance figures have been assigned. 


LIST OF SYMBOLS 


List of symbols used in the (approximate) order of their appearance. The units appro- 
priate to the M.K.S. system are given in parentheses; any other self consistent set of units 
may, of course, be substituted for these. 


T thrust (newtons) 

I,, specific impulse (newton seconds per kilogram). 

I moq Maximum specific impulse (newton seconds per kilogram). 
t, operating time (seconds) 


M, initial mass of the rocket (kilograms). 

K, overall specific mass of power plant (kilograms per watt). 

d fraction of initial mass assigned to structure and payload. 
fraction of initial mass assigned to propellant. 


K,f fraction of initial mass assigned to propellant tanks. 


p fraction of initial mass assigned to power plant. 
P power output in the exhaust (watts). 
V, exhaust velocity (metres per second). 


Tw characteristic velocity (metres per second). 
M instantaneous mass of the rocket (kilograms). 


R mass ratio of the rocket. 

a a function of f defined by equation (13). 

B a function of f defined by equation (16). 

t, transfer time for a rocket travelling between two points (seconds) 
S» transfer distance (metres). 

¢ a function of f defined after equation (19). 


Specific Thrusts 
A recent paper! describes some of the fundamental relationships governing 
the behaviour of a nuclear-powered ion rocket. Assuming constant thrust 


* Manuscript received 4 June, 1957, and in revised form 15 January, 1958. 
+ Division of Applied Physics, National Research Council, Ottawa, Canada. 
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(7) in such a rocket it shows that the maximum value for the specific impulse 
(Ioqg = Tt,/Mo, where ¢t, is operating time and M, is the initial mass) is given 


by the relation: 
/ - t, 7 
I moa ; * ** ( l 
| (bom) 
f 


where A, is the overall specific mass of the power plant and /, A,f and d are 
the fractions of M, assigned to the initial propellant mass, the propellant tanks, 
and the structure (excluding power plant mass) plus payload respectively. , is 
defined by the equation: K,P = M4), the power output P being assumed to be 
independent of exhaust velocity, and / being the fraction of M, taken up by the 
power plant. This value of /,,,,, is derived by treating the exhaust velocity (V ,) 
as an independent variable and obtaining an optimum value (Fe 0) for it of: 
e 





d 2t 
V, -~+14+K,=> -- + + a 
f *K, 
Since P = Myp/K, = M,fV2/2t,, the corresponding mass distribution is then 


given by: p = d + f(1 + K,). 

V,, however, is not independently variable under the conditions used in 
this derivation (it is obviously a function of K,, p, f and ¢,, see equation (8)), and 
this solution for /,,,, is inadmissible. If we allow V, to become variable by 
making, for example, the sum of the propellant system and power plant masses 
a constant (p + f(1 + A,) + d = 1, dand K, being constant), and assume ?¢, 
(a design parameter) to be constant, we obtain: 


I moa = f V2t,(1 + KK, .. He. ws ¥ th (3) 
9 a 
with V, [ass = r - ” (4) 
kK, 


and a mass distribution given by: 


re Th an ae re 


i.e., the masses of the propellant system and the power system must be equal for 
maximum thrust. Other conditions that allow V, to be a variable may be 
investigated. For example, if K, and the mass distribution in the rocket are 
held constant then ¢, must be allowed to vary and /,, is a maximum (neglecting 
relativistic effects) when it, ¢, and V, are all infinite, a solution that is of purely 
academic interest. 


Characteristic Velocities 


(a) Constant exhaust velocity 


If the mass of propellant carried by the rocket is considered to be a design 
variable—as must presumably be the case—then the maximum specific impulse 
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is not a useful criterion in assessing the performance. A more generally used 
parameter is the characteristic velocity (_V,) which is given by the equation: 

M, 

V dM 
M 


Mi —f) 





VY. = (6) 


and is the velocity change that the rocket can achieve in field-free space. For 
the case of constant exhaust velocity equation (6) reduces to the well known 
relationship: 

Ve.=—VIn(l—f)=V1InR i a in (7) 


It is well known, and can be seen from equation (7), that a chemical rocket with 
some fixed exhaust velocity has a characteristic velocity that is determined 
by its mass ratio R only. An ion rocket, however, allows the designer to vary 
not only R but the exhaust velocity, the time under acceleration, and the 
power plant mass. These quantities are related, for constant V,, by the 
equation: 

FES iene) Henn, Wi uae lll 

2pt, 2pt,ln2(1 — f) 


Two examples of possible design parameters for ion rockets are the case in 
which the mass of fuel and containers is considered to be variable®-* and the 
case in which the distribution of mass between power plant and propellant 
system, their sum being constant, is variable,* the exhaust velocity being 
constant during acceleration in both instances. For the first case a maximum 
value of V2, is obtained when we satisfy the condition: 


2f ie _ 2f(p + a) = 7 ( 


which for the case of K, = 0 (propellant containers of negligible mass) reduces 
to: 





f = — Hn(l — f) = 0-797 a ‘ ns (10) 


and corresponds, for this optimum mass ratio of 4-9, to a maximum for the 
characteristic velocity of: 





V. = 6-38 pt, = 3-19 fV2 = 1-59 V, ay hepsi 


Similarly for the second case of fixed initial mass we find that the optimum 
distribution of mass between propellant and power plant is given by the 
equation: 





» — — fA =a + Kain — f) me 
af + (1 — fin — 7) B conte 


which gives a characteristic velocity of: 








od 


6) 


VS oo 


‘v 
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Ky {2f + (1 — fyln(l — f)} Ky 

In the limit of f + p = 1 and K, = 0, i.e, when the entire mass of the rocket 
is divided between propellant and power plant, these two cases are equivalent 
and equations (10) and (11) become identical with equations (12) and (13) 
respectively. 











(b) Constant acceleration 

We have so far assumed, since it is mathematically—and possibly technic- 
ally—convenient, that the exhaust velocity is constant with time. It is 
reasonable to suppose, however, that if V, can be varied initially then it can 
be varied continuously, and the determination of a maximum for V, should 
take this into account if the mass of propellant is a substantial fraction of the 
mass of the rocket (for small quantities of propellant, 7.e., when the mass and 
power output are (effectively) constant with time, the solution must obviously 
reduce to that expressed by equations (12) and (13), the exhaust velocity 
becoming a constant). 

The general solution, for the case in which V, is variable with time, is 
unknown to the author; it is possible, however, to introduce some definite 
condition into the acceleration programme, an example being that of constant 
acceleration.* This results in a characteristic velocity of: 


v=) eae ea 
K,(1 — f) 


and the optimum distribution of mass between propellant and power plant for 
a predetermined value of f + # is given by: 





p=f(l—f)\(l+K,) .. ~ a ~~ 
The characteristic velocity for this distribution reduces to: 
af2 4 
Vic [EER POO i 
Ky Ky 


A comparison of equations (13) and (16) (see Fig. 1) shows that for otherwise 
similar conditions a constant acceleration will always result in a characteristic 
velocity—or, more generally, a value of V,2K,/t,—that is higher than that 
given by a constant exhaust velocity. This increase is negligible where less 
than 70 per cent. of the rocket’s initial mass is assigned to propellant and power 
plant and rises to a factor of 1-55 for the purely academic case in which the 
propulsion system comprises the entire mass of the rocket. 

From equation (14) it can be seen that, in contrast to a rocket with constant 
exhaust velocity, there is no optimum mass ratio for an ion rocket undergoing 
constant acceleration; the expression V,2K,/t, reaches its highest value at a 
mass ratio of infinity. Ifa rocket with constant exhaust velocity and optimum 
mass ratio (equation (10)) is converted to give constant acceleration, V 2K, /t, 
is increased by a factor of 1-23. 
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Transfer Times 

A rocket that is to travel between two widely separated points in space will 
generally be required to do so in a manner that minimizes the transfer time 
(¢,). The value of ¢, involves the mass distribution in the rocket, the thrust 
programme and the gravitational fields in which the rocket moves. This last 
consideration is an interesting but extremely complex one and we shall eliminate 
it in the present study by supposing the rocket to be moving in a field-free 
space (this condition would, in fact, be approximately realized in transfers to 
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Fic. 2. Dependence upon / of the function ¢; this function (- 2+ pa a = 7 DY 
is used in determining the transfer time of a rocket with constant exhaust velocity and an 
optimum period of free fall. (¢— i) is essentially a measure of the difference in curvature 


(on the velocity/time curve, see Fig. 3) between the accelerating and decelerating periods. 


and from the outer planets. The characteristic velocities that are required 
in these cases are so high, if the transfer times are to be acceptably short, that 
the solar gravitational field modifies the energy requirements to a negligible 
extent). 

A chemical rocket under such conditions will have a predetermined exhaust 
velocity and, because of the long firing period available, a negligibly small 
power plant mass. It is thus obvious that its transfer time between two 
points will be minimized if it accelerates to a velocity of V,/2, coasts the required 
distance (S,) during the time ¢, and then decelerates to a (relative) standstill, 
the velocity changes being effectively discontinuous, 1t.¢., being completed in 
a few hours or days. The transfer time in this case is: 
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= 7. ~ Vink (17) 

An ion rocket is intrinsically incapable of the high power output of a 
chemical rocket and will accelerate during a substantial part of the transfer 
time. Perhaps the simplest method in which this can be done is to apply 
thrust, using constant exhaust velocity, during the entire transfer (Fig. 3a) 
the transfer time being then given by: 


SapK, - 
= a= SS “* “* ** 18 
fo == 1 ape — f—2vi— fe ‘te 


However, it can easily be shown‘ that for constant exhaust velocity there must 
be a period of free fall between the acceleration and deceleration (Fig. 3b) if 
t, is to be minimized. We then obtain the relation: 


3S, ( 271K,S.2/b \¥* 3h 
7 — Gaurn) =— ~ ae 








t, = 


a2 — f — 2/1 — 
where ¢ (= 2+ A. i =" 2) is a function of f that, for practical 





values of the latter, is not much greater than 1 (see Fig. 2). 

The distribution of mass between propellant system and power plant that 
gives a minimum value of ¢, in this case is that given in equation (12). For this 
latter distribution we obtain a value for the transfer time of: 


i, = ms) 20 
= (Gr ea teoce eetd ac Bee 


From this it can be seen that for a given transfer distance (S,) the transfer 
time is determined as soon as the power plant efficiency (K,) and the proportion 
of mass allocated to the propulsion system (pf + /(1 + A,), which gives ¢ and 
a) are known. This is for an exhaust velocity that is constant with time. 
The corresponding relations for the case of constant acceleration (Fig. 3c) are: 


3S, —_. =2\" 21 
Se V. ae 4pf (2 ) 
which for the optimum relation between propellant and power system masses 
reduces to: 
27K,S 27K, s. 2 13 
= a _—— 
4f(1 + K,) Kp 2B(1 (1 + K,) 


In this, as in the earlier case, the transfer time is known as soon as the 
distance, power plant efficiency and proportion of mass assigned to the pro- 
pulsion system have been selected. 

Fig. 3d shows the performance of a rocket with the design parameters given 
in reference (1). Since the characteristic velocity was given, the distance 
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S, was chosen to match it. 
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cent. for a value of K, approaching zero, a condition that would probably 
obtain under the low-temperature, low-acceleration conditions involved. The 
value of ¢, for constant acceleration in this case would be 204-5 days. The 
optimum (and unknown to the author) acceleration programme would certainly 
result in a substantial further reduction. 

The transfer distance of approximately one-and-a-half astronomical units 
resulted from the parameter given in reference (1), while the solutions presented 
in this paper require the transfer to take place in field-free space. These 
highly artificial conditions could be approximately satisfied by a transfer 
between two particular locations in the asteroid belt. 

The equations used here are, of course, valid for any self-consistent set of 
units, the metre kilogram second system being a convenient one to use. For 
clarity it is sometimes preferable to present the final results in terms of kilo- 
watts, millions of kilometers and days rather than watts, metres and seconds. 
The method of derivation of those equations that have not been published 


elsewhere will be given in another paper. 
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SPECTROSCOPIC OBSERVATIONS OF VENUS FOR 
ROTATION MADE AT MOUNT WILSON IN 1956* 


By RoBert S. RICHARDSON,+ Ph.D., FELLOW 


(Communication from the Mount Wilson and Palomar Observatories of the Carnegie 
Institution of Washington and the California Institute of Technology) 


SUMMARY 


Measures on the rotation of Venus were made from high-dispersion spectra taken at 
Mount Wilson in 1956. The mean of 102 of the best observations gave a period of 14 days, 
retrograde, in general agreement with previous results. 


Spectroscopic measures on the rotation of Venus were made by V. M. Slipher* 
in 1903 at the Lowell Observatory, and by C. E. St. John and Seth B. Nicholson* 
at the Mount Wilson Observatory about 1923 in the course of another investiga- 
tion. These early observations were confined to the blue and violet regions, 
using an iron arc comparison spectrum to correct for the inclination of the 
spectrum lines. It seemed desirable to repeat the work with the fast emulsions 


* Manuscript received 4 February, 1958. 


+ Mount Wilson and Palomar Observatories, 813, Santa Barbara Street, Pasadena 4, 
California. 
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now available in the red, using telluric lines in the A 6300 region for comparison, 
so that solar absorption lines might be measured against absorption lines. The 
eastern elongation of Venus in the spring of 1956 offered a favourable oppor- 
tunity to launch such a programme. It was decided to take the spectrograms 
at the Snow telescope on Mount Wilson, which although designed for solar 
work, had the advantage of being available on any evening for observations. 
Additional spectra were photographed in October, 1956, when Venus was west 
of the Sun, at the Coude focus of the 100-in. telescope. 


Instruments and Photography 

Observations at the Snow telescope were made with a coelostat and concave 
mirror system which produced an image of Venus on the slit ranging in diameter 
from 1-6 to 3-9 mm. A grating with 900 lines/mm., with very low scattering, 
was used in a constant temperature pit with a Littrow mounting of 18 ft. focal 
length. This arrangement used in the second order gave a dispersion of 
0-84A./mm. With a slit width of 0-1 mm. a satisfactory exposure could be 
obtained in 45 min., although more than an hour was desirable if time permitted. 
The emulsion was Kodak 103a-E(2), taken through Corning filter 3486, which 
gives 80 per cent. transmission longward of 5570 A. 

Observations when Venus was west of the Sun were made at the Coude focus 
of the 100-in. telescope with the 114-in. camera. Spectra on October 9 were 
photographed in the third order of the B41 grating in the A5600 region, with 
a dispersion of 2-8A./mm. As there are no strong atmospheric lines in this 
region, iron arc lines in the fourth order violet were used for comparison. On 
11 October exposures were taken with the B46 grating in the second order at 
46300 with a dispersion of 2-7 A./mm. The image rotator which compensates 
for the diurnal motion was not available on these dates. Since the longest 
exposure was 12 min. the error introduced was probably not too serious. The 
observations of 20 October taken with the B46 grating were made with the 
image rotator. 


Reduction 

Assume that the axis of rotation of the planet is perpendicular to the direction 
of the slit, and that the slit line lies along the equator. Let 7 be the angle of 
the planet between the Sun and Earth as given in the American Ephemeris, and 
V the equatorial velocity of rotation of the planet. At the limb, the velocity 
in the direction of the Earth is V, and the component in the direction of the 
Sun is V cos 4, giving a Doppler shift corresponding to a velocity of V + V cos1. 
At the terminator, the velocity in the direction of the Sun is — V, the component 
in the direction of the Earth is — V cos 4, giving a Doppler shift corresponding 
to a velocity — (V + V cos i). The total shift measured between limb and 
terminator thus corresponds to a spectroscopic velocity: 


Vsp = 2V (1 + cos?) .. a Me --.. to 


At superior conjunction 7 = 0° and Vsp = 4V. At quadrature i = 90° and 
Vsp = 2V. After quadrature 1>90° and Vsp<2V. If there were no other 
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Fic. 1. Observation of Venus. The observer is looking down on the north pole 

of Venus. The planet is rotating with equatorial velocity V. At the limb, L, the 

velocity relative to the Earth is V; the velocity relative to the Sun is V cosi. At 

the terminator, 7, the velocity relative to the Sun is — V; ; the velocity relative to the 

Earth is — V cost. The a in | is (V + V cos i) — (— V — V cos) 
= 2V (1 + cos i) = Vopectroscopie- 


considerations involved it would obviously be of advantage to observe as near 
superior conjunction as possible. Near superior conjunction, however, exposures 
have to be very short if they are to be taken when the Sun is below the horizon. 
Also, when Venus is so near the horizon the seeing is likely to be bad. It is 
true that the spectrum of Venus can be photographed in full sunlight, but we 
would run the risk of having any shifts due to rotation reduced owing to the 
spectrum of superposed sunlight. 

The procedure in measuring was to take three readings near the edge of the 
spectrum at the estimated position of, say, the limb. Then the spectrum was 
moved vertically and three readings taken near the estimated position of the 
terminator. Measures were made slightly nearer the centre of the spectrum 
where the faintest lines could be distinctly seen. Thirteen solar and seventeen 
atmospheric lines were used in the 46300 region. They are mostly the same 
lines formerly used by St. John in measuring solar rotation. Fifteen solar ines 
in the 45500 region and eighteen iron arc lines were used on the plates taken 
with the B41 grating. 

The measures must be corrected since they were not made precisely at the 
limb and terminator. Let w be the width of the spectrum, A the distance inside 
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the limb and terminator, and R the corresponding radius of the planet’s image 
all measured in mm. Let @, be the angular distance measured to the point of 
observation from the central meridian of the planet toward the limb, and @, the 
similar angular distance measured from the central meridian toward the 
terminator, both angles always being considered positive. Then: 


R = w/(1 + cos #) 
sin 6, = 1— A/R 
sin 6, = cos i — A/R. 
If we express A in terms of R as unity the spectroscopic velocity becomes: 
Vep' = V [(1 + cos z)® — 2 A(1 + cos #) — sini (cos 0, — cos @,)}.. (2) 


If A = 0, then 0, = 90°, 6, = 90° — i, and (2) reduces to (1). For the twelve 
plates for which the slit was set perpendicular to the terminator, the average 
value of A/R was 0-076. 

Equation (2) gives the velocity assuming always that the image is placed 
so that the slit lies along the equator. If the axis of the planet is tilted relative 
to the Earth by a known amount, so that the Earth is in planocentric latitude B, 
the right-hand side of (2) should be multiplied by cos B. 

After 19 May, 1956, the disk became crescent and the slit was rotated 90° 
and set parallel to the line of cusps. Guiding was done with the slit half-way 
between limb and terminator. Exposures at the 100-in. telescope without the 
image rotator had to be taken at whatever angle the terminator made with the 
slit, which as it happened was nearly parallel to the line of cusps. The expression 
for V in these cases is so uncertain that only the measured velocity, V sp’ is given. 


Checks on the Observations 

It is desirable to check the observations by measuring the Doppler shift for 
some body whose rate of rotation is already accurately known. At the Snow 
telescope this was done by measuring the solar rotation in different latitudes 
(Mars or Jupiter could not be used as the exposure times would have been 
prohibitively long). A lens of 31 cm. focal length diaphragmed down to 3 mm. 
aperture was used to give an image of the Sun on the slit 2-5 mm. in diameter, 
about the same as the average diameter of Venus. Spectra of the Sun were 
then photographed in the same way as Venus, the only difference being that 
the exposure time was a few seconds instead of about an hour. 

The results are given in Table I. V, is the component of solar rotation at 
the point on the disk observed. V, is the velocity introduced by the 
revolution of the Earth. The measured spectroscopic velocity of rotation 
is 2(V,; — V,)._ Vc is the true velocity of solar rotation in the latitude observed. 
For comparison the value V q (Adams) from the measures of W. S. Adams® in 
1909 are given. Considering the notorious difficulties encountered in measuring 
solar rotation the agreement is very good. The tilt of solar lines in the vicinity 
of atmospheric lines is easily apparent up to latitude 60°, and may be measured 
with assurance in latitude 75°. 
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TaBLE I.—Solar Rotation Measures at Snow Telescope (km./sec.) 








Latitude, , : 
degrees 2(V, — V;) Vo | Vo (Adams) 
| 3-58 1-92 2-05 
7 3-34 1-92 1-92 
31 3-20 1-79 1-64 
45 2-22 1-29 1-25 
59 | 1-40 0-84 0-86 
71 0-60 0-44 0-52 














Spectra of Mars were taken at the Coude focus of the 100-in. telescope with 
the 114-in. camera in the second order of the B46 grating, without the image 
rotator in fair seeing. The exposures of 30 min. were taken at a time when the 
slit fell approximately along the planet’s equator. Although the equatorial 
velocity of Mars is only 0-243 km./sec., we can observe the planet at nearly full 
phase, since i for Mars never exceeds 47°. The value obtained for a single plate, 
for Vsp was 0-70 km./sec., with a probable error in the mean of + 0-12 km./sec. 
This value when reduced to the limb, and corrected for phase and planocentric 
declination, gave a rotation period for Mars of 24-2 hr. The known rotation 
period of Mars is 24-6 hr. Such close agreement might seem highly gratifying, 
but actually is rather disconcerting. It is surprising that the period determined 
spectroscopically came out smalier than the known period, since all the errors 
of observation tend to reduce the measured velocity of rotation. Thus the 
rotation period of a planet determined spectroscopically would always be 
expected to be too long. 


Inclination of the Axis of Rotation to the Line of Sight 

Photographs of Venus in ultra-violet light usually show markings having a 
banded appearance, as noted by Frank E. Ross. A determination of the 
orientation of the planet’s axis in space has been made by G. P. Kuiper® and 
Robert S. Richardson® on the assumption that the bands are parallel to the 
equator. Planocentric declinations of the Earth have been calculated from 
both determinations for the period of observation. If the axis of rotation were 
directly in the line of sight the planocentric declination of the Earth would be 
90°, and obviously no velocity of rotation could be detected by observations 
taken under such conditions. If the Earth were in the plane of the equator its 
planocentric declination would be 0°. From Kuiper’s determination the greatest 
declination of the Earth would have been — 37° on 30 April, and the measures 
would have given about 80 per cent. of the equatorial velocity. From my 
determination the largest declination of the Earth would have been — 17° on 
13 March, and the measures would have given about 96 per cent. of the equatorial 
velocity. 

If we accept the assumption that the bands on the ultra-violet images of 
Venus are parallel to the equator, it would seem that the tilt of the planet 
relative to the Earth could not have seriously reduced the measured values of 
rotation. 
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Results from Previous Determinations 


Determinations of the rotation period of Venus from occasional visual 
observations of markings are so contradictory as to be practically useless for 
discussion. Radiometric measures on Venus by E. Pettit and Seth B. Nicholson’ 
gave a mean temperature of — 37° C. for the dark side, and — 42° C. for the 
bright side. The night temperature before inferior conjunctions was found to 
be about 6 per cent. lower than after, which is consistent with direct rotation 
and cooling at night. John Strong and William M. Sinton* found a temperature 
of about — 40°C. for the dark and sunlit hemispheres, but were unable to 
establish the direction of rotation. The fact that the dark and illuminated 
hemispheres are at nearly the same temperature is a strong argument against 
a long rotation period, although it is difficult to set an upper limit. 

V. M. Slipher! from his spectroscopic measures in 1903 obtained a small 
retrograde velocity of rotation with a relatively large probable error. St. John 
and Nicholson® also obtained a small retrograde equatorial velocity with a 
probable error of the same order. They felt it unlikely, however, that the planet 
revolves in the opposite direction from the Earth and Mars. On the assumption 
that the rotation is really direct, they interpreted their results in the light of 
its probable error by saying that the chances are about 10:1 that the period is 
longer than 20 days. 


Results from Observations of 1956 

The data for each plate are given in Tables IIA and IIs. In the fourth 
column under “‘Slit’’ the designation 1 (L — T) signifies that the slit was set 
perpendicular to the centre of the terminator, and the velocity determined in 
the sense Limb-Terminator. The designations ||(N — S) signifies that the slit 
was set parallel to the line of cusps, and the velocity determined from the 
difference in position of the lines between the north and south limbs. 

The plates, which seem most worthy of detailed discussion are V4, V7, V8, 
V9, V10, Vil, V27 and V28, all taken under good conditions with the slit 
perpendicular to the centre of the terminator. Table III gives the distribution 
in the equatorial velocities from the 102 measures on these plates. The signs + 
and — refer to direct and retrograde directions of rotation, respectively. When 
Venus is east of the Sun the difference (L — T) is + for direct rotation and — for 
retrograde rotation, but changes sign when Venus is west of the Sun. In Table 
III for purposes of mathematical discussion, direct and retrograde velocities 
have been arbitrarily designated + and —, respectively. The velocities in 
Table III can be represented rather closely by a normal error curve. The mean 
of the 102 measures in Table III is — 0-032 km./sec., corresponding to a period 
of 14 days, retrograde. The standard error of the mean is + 0-033. We may 
interpret this result in difference ways: 

(a) The direction of rotation is retrograde, with a period between 8 and 

46 days, with the chances 1:1. 


(b) The period is longer than 14 days direct, or longer than 5 days retrograde, 
with one chance in 17 of being wrong. 
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TABLE Ila.- — of Venus taken at Snow Telescope at Eastern Elongation 














| 
Date (UT) Exposure, Vap, 
Plate (1868) c min. Slit Seeing Guiding degrees km./sec 
vl March 13.15 25 Li@g-~—T)i: 2 P | 72 0-39 ret. 
v2" 16.14 | 60 x 2 Gi | «3 
V3 20.13 | 60 a 2-1 — 75 0-01 ret. 
v4 22.13 | 65 5 | 76 0-18 ret. 
V5 | 23.13 | 41 2 Pp | 7 0-39 dir. 
V6 April 5.15 45 * l So | <a 0-01 dir. 
v7 6.14 | 51 4 2-1 &<: | 0-30 ret. 
vs 7.16 60 42 G | 8s 0-33 ret. 
v9 8.15 60 3-2 G 86 0-06 ret. 
v10 29.19 50 | 4 G 101 0-34 ret. 
vil | 30.17 | 60 “tk F | 101 0-16 dir 
V12 | May 19.16 | 70 =%|S(N-—S)| 8 F | 120 | + 0-07 
V13+ 20.16 | 60 | 3 2 121 | 
vl4 23.16 90 | 3 F | 124 | —oI8 
V5 24.13 | 75 5 G 126 | — 0-13 
V16 25.12 7% | mi | 3 G 128 | + 013 
V17 27.15 | 75 " 2-1 G' |- 160’ | —~oae 
| | | | 














* Emulsion melted in drying cabinet! 
+ Guided too near terminator. Spectrum very faint. 


TaBLE IIB.—Spectra of Venus taken with 100-in. Telescope at Western Elongation 





| Date Exposure i, Vep, 
Plate | (1956) min. Slit Seomg degrees km./sec. 
vis. October 9.51 12 | (N-S) 3 68 — 0-56 
vi9 z 8 i ee + 0-59 
v20 7 mo Vt 6 | Rey Gy ~ 0-16 
V2i1 } 4 F- i od — 0-26 
v22 | te 2 5 Se” — 0-15 
v23 | j 11.51 8 . 1 nor, + 0-13 
V24 ie 6 7. aa > | — 002 
V25 6 * A. a — 0-44 
V26 b> 4 Brac Seep + 0-23 
V27 20.52 12 (L — T) 2 63 0-87 dir. 
V28 oe 10 ” “ 63 0-09 ret. 
v29 sited 6 + 45°E ae ep? — 0-16 
V30 : B 6 + 45° W _ | 0-02 




















(c) The period is longer than 7 days direct, or longer than 3-5 days retrograde, 
with one chance in 135 of being wrong. 


Radio Observations 

Radio signals of an impulsive nature resembling those from Jupiter’ have 
been recorded by John D. Kraus" on 11 m. at the Ohio State University. 
The observations were made from February to July, 1956, with April omitted, 
and thus overlap our spectroscopic observations. The fluctuations recur about 
every 13 days, and show a distribution pattern which is repeated from 1-6-1-85 
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TABLE III.—Velocities from Individual Spectrum Lines Determined from 
Eight Best Plates 











V, km./sec. Frequency V, km./sec. Frequency 
— 0-900 to — 0-801 1 0-100 to 0-199 8 
— 0-800 to — 0-701 1 0-200 to 0-299 7 
— 0-700 to — 0-601 3 0-300 to 0-399 6 
— 0-600 to — 0-501 1 0-400 to 0-499 3 
— 0-500 to — 0-401 4 0-500 to 0-599 3 
— 0-400 to — 0-301 8 0-600 to 0-699 l 
— 0-300 to — 0-201 8 0-700 to 0-799 3 
— 0-200 to — 0-101 12 0-800 to 0-899 0 
— 0-100 to — 0-001 18 0-900 to 0-999 1 
0-000 to 0-099 14 

















hr. earlier on successive days. Kraus believes the 13-day interval is not the 
true rotation period, as it seems to him unlikely the activity would be repeated 
by a pattern advancing a fixed amount each day. Rather he concludes that 
the 13-day interval represents the beat-frequency between the rotation periods 
of the Earth and Venus, and that the probable value of the rotation period is 
22 hr. 17 min., with an uncertainty of + 10min. The radio observations do 
not indicate the direction of rotation. 

Such a short period seems difficult to reconcile with the spectroscopic 
observations. The only explanation is that the spectroscopic observations were 
taken in high planocentric latitudes, but this is ruled out if we accept the values 
for the orientation of the axis determined from the ultra-violet photographs. 
Also, if the rotation period were only 22 hr. the disk should be sensibly oblate, 
but numerous measures made when Venus was in transit across the Sun have 
failed to reveal any evidence of polar flattening.” It would seem more likely 
that the 13-day period is the right one, and the daily advance of 1-6—1-85 hr. 
arises from some local disturbance in the planet’s atmosphere. 
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MULTIDIRECTIONAL g—PROTECTION 
IN SPACE VEHICLES* 


By PROFESSOR HARALD J. VON BeEcku, M.D.t+ 


SUMMARY 


An anti-g capsule for providing multidirectional protection for pilots of space vehicles 
during periods of acceleration, by automatic positioning, is described, and the relevant 
literature is reviewed. 


1. Introduction 

Typical escape trajectories of multistaged rocket craft produce linear} 
accelerations that are high, but can be tolerated by the human operator if he 
is properly positioned. Centrifuge experiments’ which simulated the accelera- 
tions of a three-stage escape trajectory have in addition demonstrated that 
human subjects in supine position, can perform satisfactorily a dual pursuit 
task. We can assume then, that selected crew members could assist in the 
control of such a vehicle. Radialf accelerations would be produced for 
extended periods, but are of such low intensity that they would not present 
physiological problems. 

However, even small pilot errors or imperfections of the automatic guidance 
system could produce excessive g-loads, especially in the re-entry phase. 
This would subject the human operator to severe accelerations whose directions, 
rate of onset, and intensity vary continuously. These accelerations could, 
however, again be tolerated if the operator were simultaneously positioned 
transversely to the g-resultant. 

In this paper there is described a device which could grant this multi- 
directional g-protection by automatic positioning. The resultant of all acting 
accelerations would be presented at right angles to the head-heart line of the 
operator. This device, termed the “Anti-g Capsule,’’§ would at the same time 
afford an analogous g-protection during and after escape from a disabled space 
vehicle within the lower layers of the atmosphere. 


2. Review of Literature 

A review of the literature indicates the following studies to be pertinent: 

Buehrlen*.5 reported in 1937 centrifuge runs with humans in supine position 
with peaks up to 17 g. 

Wiesehoefer™ recognized that the continuous prone or supine position 
achieves protection only against radial g-loads, but leaves the pilot unprotected 

* Paper presented to the Eighth International Astronautical Congress, Barcelona, 
6-12 October, 1957; to be published later in ‘Proceedings of the VIIIth IAF Congress” 
(Springer Verlag). 

+ Space Medicine Branch, Aero Medical Field Laboratory, Holloman Air Force Base, 
New Mexico, U.S.A. 

t The terms /Jinear and radial are used to denote accelerations respectively along and 
perpendicular to the flight path. 


§ The “‘Anti-g Capsule’”’ has already been described in a previous paper,*®* in terms of 
atmospheric flight and escape. The present discussion extends this concept to spaceflight- 
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against the linear loads in direction of the flight path, which are especially high 
in catapult take-off and in arrested landings. He installed a backward tilting 
seat in the second cockpit of a dive bomber version of a Heinkel He 50 fighter 
aircraft. This seat allowed the operator the control of the craft in conventional 
position and tilted him backwards to a supine position when the acceleration 
reached values of 3 g. In sixteen flights, five different subjects resisted 7 g 
during 15 seconds without having reached their limits of tolerance. As usual 
in acceleration test flights, the control pilot flew in the “‘crouch’’ position. 
Although the backward tilting took place after the acceleratory stress had 
begun, no vertigo or other labyrinthine troubles were observed. 

Since that time intensive investigations of the tolerance to transverse g 
have been performed. Stauffer®*.2* exposed humans for 5-8 seconds to 12 g, 
and Duane, Beckman, Ziegler and Hunter® exposed themselves for 5 seconds 
to 15 g, which these authors considered as a “voluntary endpoint.”” Ruff and 
Strughold, Ruff, and Clark et al.6 considered human tolerance to be 12 g 
during 60 seconds. 

As the transverse position in the plane presents operational and construc- 
tional difficulties (poor visibility, necessity of additional controls and instru- 
ment panel, complicated escape devices) extensive efforts were made to study 
the protective effect of partial supination, with and without combination of 
anti-g garments and straining (Gell and Hunter!; Ballinger and Dempsey?; 
Martin and Henry!’; von Diringshofen**; Dorman and Lawton’). 

It was demonstrated that only a backward tilt beyond 77 degrees exceeded 
the protection afforded by anti-g garments and that maximum protection was 
reached only at 85 degrees. 

Gell" accomplished remarkable flight experiments with a supinating seat 
in the second cockpit of an F7F-2N ‘“‘Tigercat’’ fighter aircraft. The pilot 
withstood high radial g-loads during pull-outs from steep dives and during 
spirals for 30 seconds, using an autopilot ““PIK” when supinated. Gell also 
corroborated the experiment of Wiesehoefer by demonstrating that backward 
tilting within a g-field does not cause vestibular troubles. 

Following the principle of the supinating seat, the present author describes 
a conceptual device, which could grant a “multidirectional’’ g-protection by 
automatic supine positioning. This device is termed the “Anti-g Ejection 
Capsule.” 


3. Description of the Anti-g Ejection Capsule 

The operator’s seat is integrated for escape purposes in an oblate-spheroid, 
pressurized capsule (Fig. 1), which is pivoted in the lateral axis of the craft 
allowing free rotation through 360 degrees. 

The centre of gravity, determined by the eccentric location of pilot and part 
of the equipment, is located such that within the plane of symmetry, the line 
from the axis of rotation to the centre of gravity is perpendicular to the line 
between heart and head of the operator. 

If the direction of the resultant of acting accelerations changes, the capsule 
assumes the new adequate position either directly by the acceleratory stress 
itself, or indirectly through remote sensing and external power. Thus g-loads 
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again act transversely and press the operator in his anthropomorphologically- 
designed and energy-absorbing seat and seat-back. Adequate damping of the 
axis avoids oscillatory movements. 

Operational controls, ¢.g., control stick, rudder pedals, throttle and emerg- 
ency controls are constructed to be handled in supine position under action of 
high g-loads, t.e., the control stick is integral with the armrest and its axis of 
neutral position coincides with the resultant of g-forces. Displays are inte- 
grated in the cabin and turn with the operator. They are connected via slip 
rings with the pivot shaft of the capsule. Provisions are made for direct 
vision, or indirectly through displays for control from any position of the capsule. 

It is foreseen that the pilot can lock the capsule in the conventional posi- 
tion, which allows him direct vision during that part of the flight path, when 
high radial accelerations are not expected. This could be, for instance, during 
take-off, landing, and eventually as an emergency procedure if malfunctioning 
of indirect vision displays occurs. 

During and after ejection, the capsule functions similarly as in flight, 
because the ejection mechanism acts upon the pivot axis. The pivot shaft is 
fixed on both ends to a fork-shaped device, which in turn is attached to a drogue 
housing the main chute canopy (Fig. 2). This prevents post-ejection tumbling 
and places the pilot transverse to the decelerative stress. The main chute 
system and energy-absorbing and buoyant qualities of the capsule allow landing 
on either earth or water (Fig. 3). Survival and comfort devices may be installed 
as required analogous to existing capsule configurations. 


4. Function of the Capsule in Flight and during Escape 

(a) In Flight—The capsule will be locked in the conventional position for 
entry of the operator and take-off. As soon as the capsule is unlocked the 
pilot’s position will be always perpendicular to the resultant g-load, 7.e., in 
supine position. 

Lateral accelerations would not cause rotation of the capsule, but, since they 
already act in a transverse direction (right-left or left-right), protection would 
be necessary only against traumatic injuries, caused by collision with the inner 
structure or side walls of the capsule. However, these lateral movements of the 
operator will be avoided by the anthropomorphic configuration of the seat and 
an adequate restraint. 

In zero-gravity conditions, the capsule remains in any position at rest. 
The restraint prevents separation of the pilot from his seat. Therefore he 
remains protected if a g-field is again produced. 

(6) During Escape-——Theoretically, the capsule can be ejected in any 
direction, but upward ejection seems the most desirable for facilitating escape 
at low altitudes and ‘‘off the deck.” 

If experimentation shows that positioning by the ejection stress itself pro- 
duces too high angular accelerations, the operator could be positioned immed- 
iately before ejection by external power (cartridge). Entering in the airstream, 
the operator would be positioned by the deceleratory stress itself. Another 
possibility would be to eject with the capsule locked in its telescopically extens- 
ible fork. In this case the aerodynamically designed drogue housing would 
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Fic. 3. Provisions for recovery of the anti-g capsule. 


act primarily as stabilizer without adding appreciably to the drag of the capsule 
as in the former case. Both solutions would position the pilot transversely to 
the deceleratory stress. 

In the same position he would confront the opening shock of the main 
parachute system and would descend in a horizontal position. The energy- 
absorbing qualities of the seat and lower structure of the capsule would allow 
the pilot to tolerate the landing impact. 

After landing on earth he leaves by the entrance door or by the removable 
panel. After landing in water he has at his disposal a survival kit, dyemarker 
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dispenser, telescoping emergency antenna, retractable air vent with water 
drain, etc., and leaves, when rescued, by the removable panel. 


5. Discussion 

Ballinger? as well as Preston-Thomas ef al.® reported valuable data concern- 
ing the tolerance to accelerations as would be expected in multistage manned 
rocket crafts. Assuming exhaust velocities between 2-5 and 4 km./sec. 
they used the human centrifuge to demonstrate that men in the supine position 
and undergoing a typical series of g-loads with peaks of 8 g, 5-8 g and 5-8 g in 
the same run, could perform a dual pursuit task satisfactorily. This would 
indicate that selected crewmen could assist in the control of such a vehicle, 
especially if they were helped by adequate computer devices. 

Rocket craft, during typical escape trajectories, would produce only insig- 
nificant radial loads except in the re-entry, but rocket interceptors could produce 
high radial loads in their curved trajectories. 

For instance, at a velocity of 3,000 m./sec. (10,800 km./hr.) a very small 
deviation from the linear flight-path, corresponding to a circle of 200 km. 
diameter, would in conventional position produce the intolerable longitudinal 
load of 9-17 g. If we assume that the thrust of the vehicle simultaneously 
amounts to 5 g (linear), the resultant g-load reaches 10-3 g. Both accelerations 
are intolerable in longitudinal direction at longer durations and only ‘“‘multi- 
directional’’ g-protection by continuous positioning transverse to the resultant 
force could make survival feasible. 

The physiological end points and symptoms produced by transverse g have 
been studied in detail and defined by numerous investigators.*:*17. It was 
reported that stiffness and weariness was noted by all subjects, but no apprec- 
iable recovery time was required, and no black-out or impending unconscious- 
ness occurred. However, vertigo which persisted 24 to 48 hours was a common 
finding and could be interpreted as probably caused by edema within the vesti- 
bular apparatus. No permanent damage was reported.* 

A special problem concerning the function of the capsule should be men- 
tioned: the backward-forward rotation within a g-field. Both Gell™ and Wiese- 
hoefer* found that backward tilting during the acceleratory stress did not 
cause discomfort or diminution of the operator’s capability to control the craft. 
In the anti-g capsule much larger excursions will take place. In transition 
from positive to negative acceleration the rotatory movement would be through 
180 degrees. Therefore the incidence of labyrinthine and other symptoms 
should be studied with suitable devices. 

The valuable results of Weiss et al.* obtained from experiments with spin 
tables are only of partial application for the described device, for this type of 
movement would be experienced only to a small extent in the capsule. 

The human centrifuge could serve for studying prolonged g conditions during 
the flight when the capsule is pivoted with its axis perpendicular to the centri- 
fuge arm. However angular, and above all, Coriolis accelerations have to be 
considered. 

For reproducing the escape conditions of the capsule, a rocket sled similar 
to that developed by J. P. Stapp®* would be suitable, if the capsule were mounted 
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with the pivot shaft in vertical position. The subject could be positioned 
before the run with his head-heart line in direction of movement, would swing 
90 degrees backwards during the acceleration phase, and finally 180 degrees 
forwards during the deceleration phase. 

The conception of control devices manoeuverable under high g-loads, men- 
tioned briefly in Section 3, will be studied and will be described in a later 
publication. 

In reference to the escape problem from aircraft at supersonic speeds, we 
note that with increasing speed the linear ejection force must be increased 
in order to clear the tail structure. In conventional ejection systems, this 
linear stress acts from head to foot and jeopardizes the structural integrity of 
the vertebral column. 

This induced Lombard‘* to consider ejection from a jack-knifed position 
and Mohrlock!* to experiment with a torso harness-vest. This device consists 
of a vest which is attached to the upper part of the seat-back and diminishes 
appreciably the g-load to the lumbar vertebrae. This torso harness is postu- 
lated to increase the tolerance by 50 per cent. 

A more radical solution utilizes the ‘“B” (Bobsled) seat, developed by Con- 
vair, and the Stanley® Ejection Capsule. Both bring the pilot in a nearly 
supine position prior to ejection, so that he receives the ejection load transversely. 

It is necessary to consider that the problem is twofold, in that supine ejection 
will not protect the pilot against the linear g-loads encountered during decelera- 
tion of the capsule, which will now act in longitudinal direction. 

In spite of the advantage of a smaller frontal area and additional forward 
thrust, this stress could become intolerable at extreme speeds and high altitudes, 
especially as the latter prolongs the decelerative phase of escape.” 


6. Conclusions 

The author is aware of the numerous technical difficulties involved with the 
realization of the described device, such as the weight ratio, the transmission 
of all connections via sliprings, the adequate damping to avoid oscillatory 
movements and the maintenance of the environment of the sealed capsule. 

All these are only a small part of the problems, which could only be resolved 
by extensive investigation and experimentation. However, if one considers 
that aircraft designers actually are realizing projects considered to be impossible 
a few years ago, one could suppose that one day the anti-g ejection capsule would 
be more than a theoretical proposition of multidirectional g-protection. 
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The complete record of the proceedings of the Joint Symposium, sponsored 
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Royal Aeronautical Society. It is now available at a price of {1 12s. 6d. 
(plus ls. postage) ($5.00). Members of the B.I.S. or R.Ae.S. may obtain a 
copy at the privileged price of {1 2s. 6d. (plus Is. postage) ($3.50). 
Remittances should be sent to the British Interplanetary Society, 
12 Bessborough Gardens, London, S.W.1. 
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RECONNAISSANCE ORBITS* 
By S. W. GREENWooD,+ B.Sc., M.Eng., A.M.I.Mech.E., A.F.R.Ae.S., FELLow 








It is customary to visualize the future of space exploration in terms of 
journeys first to our Moon and then to other planets and their moons. Some 
proposals envisage a preliminary period of observation of the body being 
visited from a circular orbit around it prior to making a landing. 

In the view of the present writer, an alternative approach deserves more 
consideration than it appears to have received, namely that of carrying out a 
series of long-range reconnaissance voyages from the Earth without entering 
orbits around or landing on other bodies until adequate experience has been 
gained. It might be feasible and desirable on such journeys to approach 
fairly close to bodies of interest, and indeed some economies might be effected 
through perturbations to the orbit, as shown by Lawden.? 

It has frequently been suggested, for example by von Braun,’ that a lunar 
landing should be preceded by a reconnaissance starting from and finishing 
in a circular orbit around the Earth by travelling in an essentially elliptical 
orbit with the Earth at one focus and carrying the vehicle just beyond the 
Moon at the furthest point of the orbit. This scheme can be developed to 
provide a series of possible elliptical orbits ranging up to hundreds of thousands 
of miles from the Earth and involving relatively small velocity increments. 
There would be in principle no serious limits imposed upon starting and finishing 
times. Such journeys, which constitute an immediate extension of present 
Earth satellite programmes, will obviously take place in the fairly near future. 

One of the first references to long range reconnaissance techniques in the 
literature is the “round-trip” of Hohmann,’ who proposed a journey from Earth 
of 14 years’ duration consisting of three semi-ellipses with the Sun at one focus 
which carried the vehicle at one stage of the journey close to Mars and at 
another stage close to Venus. This requires that the three planets are in 
suitable positions at the time of departure from Earth and is, therefore, only 
possible at certain times. 

Of more general use, in the author’s view, would be a series of elliptical 
orbits having the Sun at one focus and ranging as far as was practicable, bearing 
in mind the necessity for a return to the Earth’s orbit at a time when the Earth 
was in the same position in its orbit that it occupied at departure. This 
automatically fixes the duration of such a journey as a whole number of years. 

For elliptical orbits outside the Earth’s orbit, it is clear that an elliptical 
path is traced out once only while the Earth circles the Sun a whole number of 
times. For elliptical orbits within the Earth’s orbit, an elliptical path is 
traced out a whole number of times (m) while the Earth circles the Sun that 
number of times minus one (n — 1). An example of the latter would be a 
three year journey, for which four consecutive elliptical paths are traced out 
by the vehicle while the Earth circles the Sun three times. 


* Manuscript received 9 January, 1958, and in revised form, 30 March, 1958. 


+ Department of Aircraft Propulsion, The College of Aeronautics, Cranfield, Bletchley, 
Bucks. 
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Fic. 1. Data for Journeys inside the Earth's orbit. Numbers against points show total 
journey time in years. 
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Fic. 2. Data for journeys outside the Earth’s orbit. Numbers against points show total 
journey time in years. 
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It is evident that such journeys might be used to obtain data on conditions 
in space and to provide experience in carrying out long-range voyages, without 
having to face the problems of location around or on another body, apart from 
the departure and return manoeuvres. This will form a useful prelude to more 
ambitious schemes involving direct exploration outside the Earth-Moon system. 

Some data for orbits of the type under discussion are given in Fig. 1 and 2. 
Fig. 1 shows the velocity increment required for a vehicle to depart from a 
circular orbit around the Earth and enter an elliptical orbit around the Sun 
which will carry the vehicle initially inwards towards the Sun, the point of 
closest approach being indicated in Astronomical Units. For a return to a 
circular orbit around the Earth it is necessary to double the velocity require- 
ment. The journey time in years for each possible orbit is shown against 
appropriate points on the curve. If we consider the attainment of a velocity 
increment of 6 miles/sec. in space starting from a circular orbit around the 
Earth to be a feasible proposition (and this velocity increment has now been 
demonstrated to be practicable for Earth-surface-launched multi-stage rocket 
vehicles) then the non-recoverable two-year journey passing fairly close to the 
orbit of Mercury or the recoverable three-year journey passing within the orbit 
of Venus are possible. 

Fig. 2 shows the velocity increment required for a vehicle to depart froma 
circular orbit around the Earth and enter an elliptical orbit around the Sun 
carrying the vehicle initially outwards away from the Sun, the point of furthest 
distance from the Sun being indicated in Astronomical Units. Here also, the 
journey times for possible orbits are shown in years against the appropriate 
points on the curve. Again the velocity requirement is doubled if the vehicle 
is to be recovered. Taking again, for purposes of example, a permissible 
velocity increment of 6 miles/sec. it is seen that non-recoverable journeys last- 
ing up to six years and ranging just beyond the orbit of Jupiter are possible, 
but that no recoverable orbit of the elliptical type is possible. 

It is here desirable to reflect that consideration of elliptical orbits is indi- 
cated primarily from preliminary considerations of economy, and that in 
practice more detailed investigation may be expected to show that the most 
suitable orbits may be other than elliptical. For example, significant reduc- 
tions in journey time may be effected by making relatively small velocity 
changes when the vehicle velocity is low. Nevertheless it is hoped that the 
data presented will be of interest for a preliminary look at the problem of 
reconnaissance orbits. 


Appendix I: Assumptions and Outline of Method of Calculation 
1. Time (é, in years) to trace out one ellipse in an elliptical orbit around Sun 


where @ = semi-major axis in A.U. 
= (D + 1)/2 for reconnaissance from Earth, 
D being the distance (in A.U.) of perihelion (for D < 1) or aphelion (for 
D > 1) from Sun. 
Thus, D = 2f"~1. 
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2. Velocity requirement for transfer from circular orbit around Earth to 
elliptical orbit around Sun is: 


V = Vx*+ 98 
where 
x = velocity requirement to reach escape velocity from circular orbit 
around Earth. 
y = velocity requirement to reach aphelion velocity (D < 1), or perihelion 
velocity (D > 1), from free orbit around Sun at same speed as Earth. 


The circular orbit around the Earth was taken at 2000 miles altitude. 
Variations in the altitude selected have a relatively small effect on the 
velocity requirements given. For example, for departure from circular 
orbits at low altitude (orbital speed = 5 miles/sec.) the biggest variation is 
in the 1 year case, where the velocity requirement becomes 2-07 miles/sec. 
instead of the figure of 1-83 miles/sec. shown. Values of velocity require- 
ment for other durations will be less affected. 


Appendix II: Considerations of Extreme Points on Curves 

Fig. 1. The point marked oo corresponds to escape from the Earth with the 
residual speed required to orbit the Sun at the same speed as the 
Earth. Such a vehicle could lead or trail the Earth in its orbit around 
the Sun, and might conceivably form a particular category of vehicle. 


bo 


The 1 year point corresponds to the oo point of Fig. 1, and in fact 
represents the same condition. 
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Compiled by E. T. B. Smitru, B.Sc., D.C.Ae., A.M.I.Mech.E., A.F.R.AeS., 
FELLOW 


At the time of writing* there is somewhat of a lull in the satellite business. 
We have not yet any authentic information from the U.S.S.R. on the results 
obtained from the Sputniks, nor, for that matter, much from Explorer or 
Vanguard, although there has not been much time for the proper analysis of 
data for the American satellites. Skylark seems to be giving satisfaction at 
Woomera, and we look forward to the first firing at Aberporth; though perhaps 
the enthusiasm of our members in Cardiganshire may be tempered by the 
thought of recent sad developments in the guidance of guided weapons. Sky- 
lark, however, is an excellent example of a rocket which is fulfilling its specific 
purpose admirably, and it is unfortunate that there is so little public interest 


*6 May, 1958. 
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in such a major achievement of British rocket development. Perhaps one day 
this country will be the proud possessor of a rocket system capable of going 
a few thousand times as far as Skylark. 


Research Projects 

These are mostly reported from the U.S.A., where the need to out-do the 
Russians seems almost to have reached the status of an illogical fixation. The 
U.S.A.F. is proposing to launch a man-carrying satellite during 1959 (Aviation 
Week, 7 April, 1958, 68 (14), 26): this will be more in the nature of an extremely 
long-range ballistic missile than a true satellite, since the altitude aimed at is 
only 200 miles, a few orbits being made. The vehicle would be three-stage, 
using Atlas, Titan or Thor components for the first stage, and retro-rockets 
would be used for the re-entry deceleration. The satellite capsule is not yet 
designed, but in view of the relatively short time of flight there should be no 
difficulty in providing an acceptable environment. 

The U.S.A.F. reconnaissance satellite WS117L, or Pied Piper, is apparently 
being pursued actively. This is not to be manned, but it will include a capsule 
which is intended to be recovered after returning to Earth at a selected position. 
The propulsion system will consist of an Atlas as first stage: the second stage 
will be the second stage (solid propellent) of Polaris (Aviation Week, 10 February, 
1958, 68 (6), 26; 31 March, 1958, 68 (13), 20). A proposal has been made to the 
U.S.A.F. by Aerojet for a vehicle designed to impact on the Moon or to go into 
an orbit around it: this would be a five-stage solid propellent rocket, spin- 
stabilized at launch. Terminal guidance would be provided by an infra-red 
scanner controlling two solid propellent rockets, for deceleration and steering, 
in the final stage. The payload of instruments and telemetry transmitter 
would weigh 25-35 Ib. Propellents based on polyurethane with a specific 
impulse of 270 seconds would be used, and the total cost would be about 
$30,000,000 (Aviation Week, 10 March, 1958, 68 (10), 18). Farside II, a follow- 
up to the balloon-launched rocket that got a small payload 4,000 miles away 
from the Earth, is being considered by the Ford subsidiary, Aeronutronic 
Systems Inc. This is intended to get as far as the Moon, but not necessarily 
to hit it, the payload being about 25 lb. Five solid-propellent stages would be 
used: Farside I had four. The launching will be made from a balloon at 
100,000 ft. altitude (Aviation Week, 7 April, 1958, 68 (14), 51). 


Big Missiles 

The successor to Atlas, Titan, is being developed by the Glenn L. Martin 
Co. This is a three-stage, three-engine vehicle: two of the engines are in the 
first stage, one in the second, while the third stage is just a dart, to facilitate 
re-entry. Separation is accomplished by using the reaction of jets of the 
liquid oxygen left in the second stage (Aviation Week, 7 April, 1958, 68 (14), 23). 

Rather like a land-based Polaris, the U.S.A.F. Minuteman is a three-stage 
solid propellent ballistic missile: this is scheduled to be fired from underground 
sites, and will have intercontinental capability: the stages (third alone, second 
and third together, or all three) can be fired to give ranges of 500, 1,500, and 
perhaps 5,000 miles (Aviation Week, 10 March, 1958, 68 (10), 22). 
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Satellite Vehicles 

As well as a number of letters in Nature concerning the lifetime of satellites 
(by D. C. M. Leslie, 7 February, 1958, 181, 403; by G. V. Groves, 12 April, 
1958, 181, 1055; and by D. G. Parkyn, 19 April, 1958, 181, 1156) there is a 
letter from D. G. King-Hele reviewing the progress of Sputnik II (Nature, 
15 March, 1958, 181, 738), which ended its life on 14 April. The period of 
revolutions changed from 103-5 minutes on 9 November, 1957 to 96-33 minutes 
on 2 March, 1958, the rate of decrease of period being much greater in the 
New Year: until mid-December the daily decrease was about 3-0 sec./day, 
rising to about 4-0 sec./day in January. Fluctuations about these values 
occurred, and during January a range between 4-4 and 3-9 sec. /day was noted: 
in February the rate rose to over 5 sec. /day and then fell to 4-5 sec./day. These 
fluctuations are reported to be due to changes in the effective drag of the 
satellite, caused by changes in attitude. Estimation of the time of final 
descent was said to be difficult for this reason, but 15 April seemed likely. 

The orbit of Sputnik II had originally an eccentricity of 0-1, the height 
varying between 120 and 900 nautical miles, but by the beginning of March, 
1958, the eccentricity had fallen to 0-056, the height ranging between 110 and 
530 nautical miles. 

The U.S. Army Explorer vehicles (1 and III: Explorer II missed an orbit 
due to failure of the last stage to ignite) have already given valuable data on 
environmental conditions likely to be experienced in orbital flight. Wernher 
von Braun (Aviation Week, 24 March, 1958, 68 (12), 19) stated that the tempera- 
ture at the nose of Explorer I varied between 270 and 340° K., while at the 
low-power transmitter inside the satellite it varied between 100 and 120° F. 
The cosmic ray data show that, in the high atmosphere at least, there is a great 
intensity of radiation, but that this may well become less as the atmosphere is 
left behind. The instrumentation currently fitted is believed not to have 
sufficient discrimination between the kinds of radiation that are being encount- 
ered, nor a great enough range to cover the highest intensities, and later satellites 
will have more instruments devoted to this phenomenon. It appears that an 
escape trip may not expose travellers to dangerous radiation for more than 
say 20 minutes, but satellite-carried crews might be continuously bombarded, 
unless fairly heavy protective metal suits were used (New Scientist, 8 May, 1958). 


The Cosmos, Locally 

Project Stratoscope, which has been described already in TECHNICAL 
REVIEW, is a balloon-borne 200-inch focal length reflecting telescope which 
has been carried to over 80,000 ft. above the Earth’s surface. Photographs 
obtained show the turbulence cells, about 300-500 miles apart, in an area of 
the Sun measuring 50,000 miles x 75,000 miles (Aviation Week, 7 April, 1958, 
68 (14), 55). 

The rate of accretion of cosmic dust by the Earth is discussed in a letter 
to Nature, 1 February, 1958, 181, 330, from Hans Pettersson of the University 
of Hawaii. He has drawn large quantities of air through filters on the tops of 
extinct volcanoes in Hawaii, and it appears that, up to the 100 km. level, 
28-6 x 10® tonnes of dust of cosmic origin are suspended in the atmosphere. 
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Assuming that this quantity descends to the surface in two years, the Earth is 
seen to collect 14:3 tonnes of cosmic dust per year. It is pointed out that 
other workers (Van der Hulst, using the zodiacal light, and Watson, assessing 
meteoric debris) give values which are respectively 4 per cent. and about 25 per 
cent. of the presently estimated amount, and that further work to resolve 
matters is required. 

Tektites have been described already in TECHNICAL REvIEw, when Prof. 
Urey’s theory of meteor collision was discussed. In Nature, 18 January, 1958, 
181, 172, three letters by J. A. O’Keefe, C. M. Varsavsky, and T. Gold give 
support to the hypothesis that tektites are of lunar origin, having been ejected 
from the lunar craters. The rays surrounding the younger lunar craters are 
apparently composed of material similar in optical properties to glass beads 
or to tektites. O'Keefe points out that the equatorial bulge of the Earth 
would modify the trajectories of the particles emitted from the Moon so that 
they would fall to the surface near the equator, as they are found in reality, 
and Varsavsky reports calculations which indicate that particles, emitted from 
a meteor impact on the Moon, would fall on the Earth with the actually observed 
distribution: if the particles came from further distant, they would have a much 
wider coverage. 

A letter from P. J. Wyatt (Nature, 26 April, 1958, 181, 1194) makes the 
suggestion that some of the larger meteor craters found on the Earth’s surface 
(notably that in Siberia formed in 1908) may have been due, not so much to 
meteors of earthlike matter and great size, but rather to the impact of anti- 
matter or contraterrene material. This would account for the very large 
devastation which was encountered, even in 1927, when an expedition found 
“almost inconceivable’ damage 40 miles away, as well as for the entire absence 
of meteoric fragments of normal type. The writer suggests that short-lived 
radioisotopes (Al-39, Mn-53, Ti-44) might have been formed by the intense 
gamma-radiation caused by the conversion of matter into energy, and that 
such isotopes should be sought in the crater area. 





CORRESPONDENCE 


Electrical Theory of Gravity 
SIR, 

In a recent article on “‘Electro-gravitics” in the Journal it has been said 
that ‘Gravity is, in fact, a most mysterious and intractable phenomenon. It is 
perhaps doubtful whether many people, even technically-trained people, 
realize just how true this is, or whether they notice the conspiracy of silence 
with which it is treated in most textbooks.” 

Gravity has long been studied by scientists. The most outstanding of them 
was, of course, Sir Isaac Newton, who discovered the Law of Universal Gravita- 
tion. The last line of research activity by the late Dr. Albert Einstein, Nobel 
Laureate, was to formulate a unified field theory wherein he believed the 
gravitational field would fit into a natural place with the electromagnetic fields. 
However he could not announce complete success with his mathematical 
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approach using complex tensor calculus to this intriguing problem. Now, 
without the use of tensor calculus, it is shown in this communication that 
gravity is a special case of electrical fields. The deduction comes easily from 
a consideration of experimental data. 

Many experiments from the time of Cavendish have given us the following 
value for the gravitational constant: G = 6-67 x 10-* cm g.- sec.-* or 
G = 6-67 x 10-" newton.metre*.kg.~? in M.K.S. units. 

Taking the mass of the smallest, common, electrically-neutral body as 
1-67 x 10-“g. or 1-67 x 10-*"kg., the force of gravitational attraction 
between two such bodies in vacuum at a distance of 1 cm., would be: 


! Gm? 
F, = — = 1:86 x 10-* dynes or 1-86 x 10-® newton. 


2 
Following Coulomb, we find that the electrical force between two electric- 
ally charged bodies carrying the smallest charge of 4:8 x 10-” e.s.u. and 
separated by 1 cm. in vacuum is: 
e 


P= =e 2-32 x 10-% dynes or 2-32 x 10-* newtons. 





‘“ . FF, 
The ratio = = 1-24 x 10*. 
F, 

Now it had been assumed that the force of electrical attraction between unlike 
charges is exactly equal in magnitude to the force of electrical repulsion between 
like charges, because our electrical measurements show that they are equal in 
terms of the precision of our measurements. 

But if the force of electrical attraction is slightly stronger than the force 
of electrical repulsion by just one part in 10% our electrical measurements could 
not show this difference. 


However our gravita- F, 

tional measurements + eager n. | + 
yield just this difference. AS, vA 

Fig. 1 shows how this Ne al 

Net Attractive Force cami fe, “tbs 
(Electrical)—for short — “a ee a 
NAF (E), as this diff- A en 











erence may be called— 
accounts for gravity. 
The advantage of this 
approach to gravity is Fic. 1 

that a unified field 

theory is obtained which includes gravitational fields with electromagnetics. 
This unified field theory is in accordance with the beliefs of Einstein, Faraday 
and many others mentioned in the previous paper on ‘‘Electrogravitics.”’ 

As regards the phenomena of gravity, NAF (E) can exhibit all of them, 
such as the inverse square law of distance, proportionality to product of masses, 
ability to act through a vacuum, velocity of propagation equal to that of 
electric field, and the ability to pass through all materials. 


—-—=—. Force of electrical repulsion 


--~*--~+-- Force of electrical attraction 
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In this last respect, gravitational fields, unlike electrical fields, have not 
been susceptible to shielding. NAF (E) theory supplies a ready answer for 
this. In the case of an electrical field, it is possible to shield a region of space 
from the effects of the electrical field by use of a grounded, conducting enclosure. 
The electrical field induces free charges on the outside of the enclosure (of 
opposite sign to that of the sources of the field) and the charges of the same sign 
are driven into the ground. Thus the enclosure shields the region inside it 
from the electric field. In the case of the gravitational field, since it involves 
equal numbers of positive and negative charges, it cannot induce any free 
charges of only one sign on the enclosure and the grounding thus plays no part 
and so the NAF (E) will still act within the enclosure. In this way, NAF (E) 
theory explains why the shield is ineffective for gravity. Therefore we may 
conclude that the force of gravity results from the net electrical attraction 
between the electric charges in the atoms of neutral bodies. 

What is the significance of this theory of electrogravitics for space travel? 
The answer is that for the first time we now know the components of the force 
of gravity—one is an attraction and the other is a repulsion to all material 
particles. These two components are different and hence offer the exciting 
prospect of our being able to use this difference to control the gravitational 
force so that a spaceship might leave the Earth with less effort than present 


day conventional means allow. J 
: FreEppy Ba HLI, 


Union of Burma Applied Research Institute, Director of Research. 
Kanbe, Rangoon, Burma. 
REFERENCE 
(1) A. V. Cleaver, J.B.I.S., 1957, 16, 84. 


SIR, Spaceflight Measures 


It is a pity that the logical validity of the otherwise admirable and interest- 
ing “Technical Review” by E. T. B. Smith! should be spoilt by lack of metro- 
logical consistency. 

British imperial units of weights and measures are inextricably mingled 
with metric units. I feel that most readers of the Society’s Journal and 
certainly all scientifically-minded readers would prefer that the metric system 
be used throughout and that the unstandardised, antiquated and confused 
units of the British imperial hotchpotch be abandoned. 

The engineers responsible for the greatest advances in ballistic missiles and 
in space vehicles all use the metric system for their workings. It would be a 
regrettable and a retrograde step if horse-drawn British imperial units were to 
be allowed to infiltrate into this field. I plead, therefore, that the Journal should, 
in future, use the metric system as its primary system of weights and measures. 

I am, Sir, Yours faithfully, 
Stewart Cottage, Outwood, Surrey. OLIVER STEWART. 


22 March, 1958. 
REFERENCE 
{1) E. T. B. Smith, /.B.7.S., 1958, 16, 295. 
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Combustion of Solid Propellents 
SIR, 

In the December issue of the Journal, p. 206, Fig. 6, describing the behaviour 
of uninhibited charges of solid propellents (article of E. T. B. Smith’), I should 
like to point out what seems to me to be a slight error. 

The right-hand A,/t graph shows the areas of the two burning surfaces, 
inner and outer, to become equal at half-time; surely this only occurs at full 
time? During the second half, the figure shows the area of the outer surface 
to be less than the inner, which hardly makes sense. 


Yours sincerely, 


24, Kidbrooke Park Road, Blackheath, A. N. MANDEVILLE. 
London, S.E.3. 
REFERENCE 
(1) E. T. B. Smith, /.B.J.S., 1957, 16, 198. 


(Mr. Smith has commented: Mr. Mandeville is, of course, perfectly correct. 
The burning perimeter curves have no meaning after they cross, since all the pro- 
pellent is then burnt: the lines should meet on the right-hand ordinate, at all-burnt. 
The drawings were made in a hurry; the same sort of sketches were used for Fig. 8, 
where they are appropriate.) 


Interplanetary Orbits 
SIR, 

In a recent paper, Mr. M. Vertregt! estimates the velocity requirement for 
an interplanetary voyage by the process of simple addition of the velocity 
changes for planetary escape and landing and of transfers between planetary 
orbits and the transfer orbit. However, the requirement may be appreciably 
reduced if the processes of escape and transfer at the departure end and of 
transfer and landing at the destination end are respectively carried out by 
means of a single velocity change, as shown by Herrick.? In this way a velocity 
change equal to the square root of the sum of the squares of two velocity 
changes may be obtained at each end of the journey and this will be less in 
each case than the sum of the two velocity changes concerned. 

It is, therefore, appropriate to estimate the velocity changes associated 
with different transfer orbits in the manner adopted in Mr. Vertregt’s paper 
only when one is considering transfer between points on circular orbits suf- 
ficiently far from planetary bodies for their fields to be neglected. 


S. W. GREENWOOD. 


The College of Aeronautics, Cranfield, Bletchley, Bucks. 
5 May, 1958. 
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B.LS. NEWS 


Affiliate Societies 


The Council is anxious to do all in its power to help and encourage groups 
interested in spaceflight which may be formed in schools, colleges, universities, 
and various other establishments, and, as the first step to bring this about, 
decided at its meeting on 12 April last that the Society’s Bye-Laws be amended 
to incorporate the following provisions: 

(1) That the present Bye-law numbered 40 (relating to the duties of the Secretary) be, 
and is hereby, renumbered 41. 

(2) That a new Bye-law, to be numbered 40 (relating to Affiliate Societies) reading as 


follows, be adopted: 


A filiate Societies. 

(40) (a) The Council may, by simple resolution and in pursuance of Clause 3 (k) of the 
Society’s Memorandum of Association, enter into an arrangement to affiliate with the 
British Interplanetary Society other Societies interested in Science, Transport or Communi- 
cation which are deemed to be appropriate bodies for this purpose. 

(b) Affiliate Societies shall not be a grade of Membership of the British Interplanetary 
Society. 

(c) Affiliation shall be for one year and thereafter until determined by either side on 
giving one month's notice in writing. 

(d) Each Affiliate Society shall receive a copy of every publication of the British Inter- 
planetary Society issued free of charge to Members of that body. The subscription payable 
for these publications shall be £2 2s.—-{4 4s. per annum, but extra copies of publications 
may be obtained on such terms as are approved by the Council. 

(e) Members of the Affiliate Societies may attend meetings of the British Interplanetary 
Society, subject to accommodation being available and to the permission of the Chairman 
of the Meeting. 

(f) The British Interplanetary Society will endeavour to provide occasional lectures 
to meetings of Affiliate Societies. 

(g) Members of the British Interplanetary Society may attend meetings of the Affiliate 
Societies. 

(hk) An Affiliate Society shall not have any vote in the affairs of the British Interplanetary 
Society, but may describe itself as ‘‘Affiliated to the British Interplanetary Society.’ 

() No member of an Affiliate Society shall have any vote in the affairs of the British 
Interplanetary Society, nor be entitled to describe himself as a member of the British 
Interplanetary Society by virtue only of such affiliation. 


Council 1958-59 
At the Annual General Meeting held on 19 July, K. W. Gatland, N. H. 
Langton, P. Moore, and G. V. E. Thompson were re-elected Members of the 
Council and Dr. G. S. Brosan was elected to fill the remaining vacancy. A full 
report of the meeting will appear in the next issue of the Journal. At the first 
meeting of the new Council, held on 11 August, Dr. L. R. Shepherd was re- 
elected Chairman of Council, and Mr. K. W. Gatland Vice-Chairman. 


Election of Members 
The following elections were made at the Council Meeting on 29 March, 1958: 


Fellows. 
Professor FREDDY Ba Hi1, 327, U Wisara Road, Rangoon, Burma. 


ERNEST HAROLD BALLANTYNE, B.Sc., D.1.C., 6180, Nellican, Cartierville, Montreal, 
P.Q., Canada. 
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Guy Epwarp Davies, “‘Arncliffe,’’ Thirsk Road, Yarm, Yorkshire. 
Gis_!1 HaLLtporsson, M.Sc., Hafnarstraeti 8, Reykjavik, Iceland. 
James HILt, B.Sc., 12, Newlands Place, East Kilbride, Glasgow. 
Joun McKeown, Ph.D., D.Sc., 56, Dalkeith Road, Harpenden, Hertfordshire 
WILLIAM ROBERT MICKELSEN, M.S., Lewis Flight Propulsion Laboratory, N.A.C.A., 
21000, Brookpark Road, Cleveland, Ohio, U.S.A. 
MOLLY NEAL, B.Sc., D.1.C., 8, Highcroft Hill, London, N.6. 
RONALD RosBeErts, B.Sc., 133, Clarence Road, Windsor, Berkshire 
Joun STANLEY WALLETT, 10, Maple Grove, Allestree, Derby 


Senior Members. 
JosePpH Hosker, 1, Staff Flats, Westmorland Sanatorium, Meathop, Grange over 
Sands, Lancashire 
RAYMOND JOHN MassottT, 20, Hood Wall, Kettering, Northamptonshire 
Joun Crichton McDOouaLt, Secretariat for Chinese Affairs, Connaught Road, Hong 
Kong. 
James COPELAND Munro, 84, Worthing Road, Rustington, Sussex. 


Members. 

ALAN STANLEY ALDRED, 5, Dunstable Road, Toddington, Dunstable, Bedfordshire 

ALFRED ANTHONY Beswick, 48, George Street West, Offerton, Stockport, Cheshire 

Tor Bor, J. SCHANKE OLSENSGT, 5, Sandnes, Norway 

MICHAEL Harvey Briacs, B.Sc., 9, Meadway, Chadderton, Lancashire 

TERENCE NORMAN CHANDLER, 35, Trevanie Avenue, Quinton, Birmingham, 32 

KENNETH RAYMOND Curtis, “‘Ingleside,’’ High Street, East Malling, Nr. Maidstone, 
Kent. 

Joun Dace, 45, Combe Park, Combe Lane, Yeovil, Somerset. 

Francis Marc DENNERY, 102, Blvd. des Batignolles, Paris XVII, France 

BERNARD Patrick DILLon, 13, Comeragh Road, West Kensington, London, W.14. 

Harry E..ison, M.Sc., F.R.1.C., ‘“Leyfield,”” Park Road, Chapel-en-le-Frith, Nr 
Stockport, Lancashire 

DANIELA ENGEL, Muenchen 13, Habsburgerstrasse 10/111, Germany. 

PuIL_rp GEORGE Er!TH, Vinces Farm, Ardleigh, Nr. Colchester, Essex. 

Gary ARNOLD FLANDRO, B.S., 544, W. Longden Ave., Arcadia, Calif., U.S.A 

FRANK Davip Grovacco, 75, Randoph Avenue, Clifton, N.J., U.S.A. 

JERRY LEE Harper, B.S., 1005, S. 6th., Apt. 14, Champaign, Ill., U.S.A 

DrETER THEODOR HENSKES, 13, Posthornstr., Hannover-Linden I, Germany. 

Davip ALAN JEFFcoaT, 852, Kingstanding Road, Birmingham 22C. 

GEorGE L. Jounnston, B.S., 3915, Ocean Drive, Manhattan Beach, Calif., U.S.A. 

NORMAN REEsS LEwis, 27, Herbert Street, Abercynon, Glamorgan. 

GEOFFREY LuDLow-Sims, 19, Wordsworth Road, Marlow Hill, High Wycombe, Bucks. 

ALTON PaRKER Mayo, 24-A Elizabeth Road, Hampton, Virginia, U.S.A. 

MICHAEL MIDDERIGH, 4, Beechwood Avenue, Brighton 6, Sussex. 

Joun Davip Parn, 12, Oakington Avenue, Harrow, Middlesex. 

JAMES ALAN PILKINGTON, 150, Markland Hill Lane, Bolton, Lancashire. 

FREDERICK VALENTINE POHLE, M.S., Ph.D., 69, Cambridge Avenue, Garden City, 

N.Y., U.S.A. 

NoRMAN Epwarp Rupy, M.D., 521}, Kelton Avenue, West Los Angeles 24, Calif., 
U.S.A. 

ROBERT BRIAN SCOTHERN, Hut X2, E Squdn., No. 2 Wing, No. 12 S. of T.T., R.A.F., 
Melksham, Wiltshire. 

PauL LEOPOLD SIEGLER, 1, Dunklee Street, Concord, New Hampshire, U.S.A. 

ANTHONY JOHN Francis Situ, M.A., Flat 1, 63, York Terrace, London, N.W.1. 

WI1Lt1aM HENRY STEPHEN, M.Sc., F.R.Ae.S., Kingston House, Farnborough, Hampshire. 

DouGLas JAMES Woop, 21, Glebe Road, Barnes, London, S.W.13. 

KEITH WREN-PotTteER, 143, Hamilton Terrace, Maida Vale, London, N.W.8. 


The following elections were made at the Council Meeting on 12 April, 1958: 


Fellows. 
Gorpon M. BELLER, B.S., 724, Greentree Road, Pacific Palisades, Calif., U.S.A. 
KELLY RANDOLPH BENNETT, B.Sc., 3666, Gelndon Avenue, Los Angeles 34, Calif., 
U.S.A. 
Davip Dean BEYER, M.S., 2611, Otis Lake Road, Anchorage, Alaska. 
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Leo JouN Burnett, B.A.Sc., 3831, Devon Road, Apt. 2, Royal Oak, Michigan, U.S.A. 

WALTER ALBERT EpMuUND EL tiott, 307, Honeypot Lane, Stanmore, Middlesex. 

Harry EL .ison, M.Sc., F.R.LC., “‘Leyfield,’”’ Park Road, Chapel-en-le-Frith, Nr. 
Stockport. 

ARNOLD WALTER Foss, B.Mech.E., 4439, Grandview Blvd., Los Angeles 66, Calif., 
U.S.A. 

FREDERICK GALL, B.Sc., 1095, Graham Blvd., Town of Mount Royal, Quebec, Canada. 

DoucrLas Sim Haynes, B.Sc., The White Cottage, Peppard Road, Sonning Common, 
Nr. Reading. 

RoNALD DEREK Hope, 23, Larkway Close, Kingsbury, London, N.W.9. 

ConraD F. NEwBeErry, B.E., 161, South Normandie, Los Angeles 4, Calif., U.S.A. 

JoHN RoBERT MILLIRON, B.Sc., 401, West Xenia Drive, Fairborn, Ohio, U.S.A. 

DEREK Parr, 22, Oakdene Road, Moorclose Estate, Middleton, Manchester. 

Professor FREDERICK VALENTINE POHLE, 69, Cambridge Avenue, Garden City, New 
York, U.S.A. 

BRUCE VIVIAN SOMES-CHARLTON, 4, Harvey Road, Cambridge. 


Senior Members. 
CHARLES DONALD BEEHL, 283, Twentywell Lane, Bradway, Sheffield. 
Davip JoHN METCALFE, 14, Rue George-d’Amboise, Rouen (Seine-Maritime), France. 
DouGLas SLACK, c/o Johnson Advertising Services Ltd., P.O. Box 521, Ndola, Northern 
Rhodesia. 
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IaN SPEED BALDERSTONE, R.A.F. Staff College, Bracknell, Berkshire. 
CHARLES JOHN AINSWORTH Barr, Grafton House, Stowe School, Buckingham. 
Professor ALES BLana, Brno, Zachova 11, Czechoslovakia. 
PETER WILLIAM BoTHWELL, M.B.Ch.B., D.P.H., 13, Wyndham Way, Oxford. 
CHARLES JOSEPH DEVEIKIs, 688, Shatto Plave, Los Angeles 5, Calif., U.S.A. 
Tom ANTHONY DownlinG, 22, Oakfield Avenue, Hitchin, Hertfordshire. 
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JACQUELINE PAULINE MARIE THERESE GRIFFIN, 7, Mount Avenue, Hemsworth, Ponte- 

fract, Yorkshire. 
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THomMaAs LLEWELLYN WILLIAMS, B.Sc., 35, Blandford Road, St. Albans, Hertfordshire. 





OTHER NEWS 


Documentary Colour Film 


A documentary colour film taken at the Western Space Age Conference, 
held in Los Angeles, is now available; it shows guided missiles such as the 
Snark, Nike, Ajax, Regulus II, Teal (XKDT-I), Corporal, Lockheed X-7, 
Rat, HTV (hypersonic test vehicle), Dart and Hawk, together with the Van- 
guard satellite, its third-stage rocket carrier, and the Explorer nose cone. Full 
colour (Kodachrome) 16 mm. (100 ft.) duplicates are available from Mr. Max B. 
Miller, 1420 South Ridgeley Drive, Los Angeles 19, Calif., U.S.A., at a cost of 
£6 6s. ($17.00) An 8mm. (50 ft.) copy can be obtained for £3 ($7.50). Prices 
include postage (first class), but not import duty or other customs charges. 
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ABSTRACTS 
Edited by J. Humpurigs and J. FoLey 


A list of abbreviations of titles of journals was included with the 1954 index 
and addenda have been published in subsequent issues of the Journal. A further 
addendum is given below: 


Riv. Med. Aero. Rivista di Medicina Aeronautica. 


AERODYNAMICS 


(423) Experimental study of the stagnation temperature in free molecule 
regime. M. Devienne. Fusées, 1, 261-7 (Dec. 1956). (In French.) Reports tests 
carried out in Freon 12, air and carbon dioxide. (7 refs.) 

(424) Photographic method of determining the aerodynamic resistance of 
missiles in flight. C. E. Cremona. Astronautica Acta, 3, 52-66 (1957). (In Italian.) 
A method based on the comparison of calculated curves with actual trajectories determined 
optically. (2% refs.) 

AIRCRAFT 

(425) Trident. R.de Narbonne. Air Revue (11) 507-11 (Nov. 1956). (In French.) 
Full description of the aircraft and its rocket motors with a history of its development. 

(426) Requirements for experimental zero gravity parabolas. J. E. Ward. 
J. Aviation Medicine, 29, 428-32 (June, 1958). Graphs are presented which allow rapid 
determination of flight paths for zero gravity conditions. (5 refs.) 


ASTRONAUTICS 

(427) The VIIth International Astronautical Congress. G. Partel. Riv. Aero. 
(11-12), 1287-1335 (1956). (Jn Italian.) Extensive summaries of most of the papers 
presented. 

(428) Project Vanguard—the I.G.Y. Earth satellite. F. R. Furth. Engng. /., 
Montreal, 39, 1531-6 (Nov. 1956). Description of the Vanguard vehicle and details of the 
programme. 

(429) Basic concepts of space law. A.G. Haley. Jet Propulsion, 26, 951-7, 968 
(Nov. 1956). The development of the international law controlling activities in the air 
spaces above the Earth today is discussed; a system of space law based on the principle of 
fundamental justice is explained and advocated and steps which might be taken by existing 
international organizations—especially in the field of communications—are detailed. 
(68 refs.) 

_ (430) The VIIth Congress of the International Astronautical Federation. 
G. Partel. Alata, 22, (11) 3-7 (Nov. 1956). (In Italian.) 

(431) The use of cobaltous bis salicylaldehyde ethylene di-imine on oxygen- 
poor planets. W. Proell. /. Space Flight, 8 (9), 1-4 (Nov. 1956). The use of certain 
chemicals to extract oxygen from oxygen-deficient atmospheres. (5 refs.) 

(432) New Zealand observations of the rocket accompanying the Russian 
artificial satellite. R.A. Anderson and C. S. L. Keay. Astronautica Acta, 3, 227-30 
(1957). Presents results and compares observed regression of nodes of the orbit and that 
expected by theory. (5 refs.) 

(433) The uses of artificial satellite vehicles. H. E. Canney and F. I. Ordway. 
Astronautica Acta, 3, 1-15 (1957). Discusses the satellite as an observation and military 
base, as a communications relay station, as a radar beacon and navigational fix. Concludes 
with sections on the astronautical significance of the satellite. (33 refs.) 

(434) Possibility and limits of cosmonautics. G. A. Crocco. Commentationes 
Pontificia Academia Scientiarum, 17, 109-26 (1957). (In Italian.) Derives equations for 
relativistic flight and discusses possibility of flight at speeds near that of light. 

(435) On determining the orientation of a cylindrical artificial Earth-satellite. 
R. J. Davis, R. C. Wells and F.L. Whipple. A stronautica Acta, 3, 231-6 (1957). A method 
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is proposed for determining orientation by observing the flash from a specularly reflecting 
cylindrical surface. Only half the surface would be made specularly reflecting; the rest 
would be a diffuse reflector to allow continuous observation. Only the case of a slow 
tumble is dealt with. (1 ref.) 


(436) Studies of a minimum orbital unmanned satellite of the Earth (MOUSE). 
Part III. Radiation equilibrium and temperature. D.T. Goldman and S. F. Singer 
4stronautica Acta, 3, 110-29 (1957). Major heat sources are the Sun, sunlight reflected 
from the Earth, long wave radiation from the Earth and internal sources. Results for 
equilibrium temperature are given in nomograms to aid preliminary design. (16 re/s.) 


(437) Satellite librations. W.B. Klemperer and R. M. Baker. Astronautica Acta, 
3, 16-27 (1957). A satellite which is not perfectly spherical experiences a stabilizing force 
The frequency of oscillation when disturbed from equilibrium is calculated and the use of 
the effect in navigation discussed. (4 refs.) 

(438) On the application of the method of variation of elliptic orbit elements in 
case of a satellite vehicle. |. M.J. Kooy. Astronautica Acta, 3, 179-214 (1957). An 
outline is given of the determination of the six elliptical orbit elements of a satellite, taking 
into consideration the oblateness of the Earth, atmospheric drag and perturbations due to 
the Sun and the Moon. 


(439) A note on Goddard’s problem. G. Leitmann. Astronautica Acta, 3, 237-40 
(1957). A note on an earlier paper: A calculus of variations solution of Goddard’s 
problem. G. Leitmann. Astronautica Acta, 2, 55 (1956). 


(440) The case for the low acceleration spaceship. H. F. Michielsen { stro- 
nautica Acta, 3, 130-52 (1957). Only low accelerations are attainable with ion rockets and 
these necessitate the use of spiral orbits for escape. A method of determining such tra- 
jectories is discussed. (10 refs.) 

(441) Project Vanguard—Earth satellite vehicle programme. F. |. Ordway 
Astronautica Acta, 3, 67-86 (1957). General review of characteristics, testing, guidance, 
control and tracking. 

(442) The effect of the Earth’s magnetic field on the spin of the satellite. 
H. B. Rosenstock. Astronautica Acta, 3, 215-21 (1957). Deduces an expression for the 
angular velocity as a function of time of a sphere or spherical shell rotating about an axis 
perpendicular to a uniform magnetic field and applies this to the Vanguard satellite 
(7 refs.) 

(443) Progress with Vanguard. A. V. Cleaver. Spaceflight, 1, 47-8 (Jan., 1957). 
Developments of recent months. 

(444) Operation Moonwatch. W. H. Haas. Spaceflight, 1, 49-51 (Jan., 1957). 
Methods of visual observation of satellites and ways in which amateur observers can help. 

(445) Some ideas in astronautics. J. Humphries and G. V. E. Thompson. Aero- 
nautics, 35 (5), 41-3 (Jan., 1957). Review of papers presented at the Seventh International 
Astronautical Congress. 

(446) The Seventh International Congress of Astronautics. R. A. Smith. 
Spaceflight, 1, 71-6 (Jan., 1957). A personal account of the congress. 

(447) Progress towards spaceflight. G. V. E. Thompson. Spaceflight, 1, 77-82 
(Jan., 1957). Review of the technical papers presented at the Seventh International 
Astronautical Congress. 

(448) Satellites for checking Einstein’s relativity theory. M. Subotowicz. 
Missiles and Rockets, 2, 57-9 (Feb., 1957). (7 refs.) 

(449) Soviet astronautics. A. J. Zaehringer. Missiles and Rockets, 2, 45-6, 49 
(Feb., 1957). An estimate of the position based on recent Soviet literature. 


(450) Russia picks tougher satellite orbit. Aviation Week, 67 (4), 31-2 (july 29, 
1957). Report of high-altitude and satellite rocket symposium at Cranfield. 


ASTRONOMY 


(451) The Moon—Earth’s nearest neighbour. E. A. Whitaker. Spaceflight, 1, 
52-60 (Jan., 1957). General description with particular reference to conditions to be 
expected on the surface. 
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BIOLOGY AND MEDICINE 
(See also abstract no. 426.) 


(452) Personal experiences during short periods of weightlessness reported 
by sixteen subjects. S. J. Gerathewohl. Riv. Med. Aero., 20 (supp. 1), 17-46 (Jan 
March, 1957). (In Italian.) Most subjects felt very comfortable during weightlessness 
Tolerance to weightlessness is discussed with regard to space-flight. (24 refs.) 


(453) On physiopathology during space-flight. Behaviour of motor co- 
ordination in subjects exposed to 3 to 0 g acceleration values. T. Lomonaco, 
M. Strollo and L. Fabris. Riv. Med. Aero., 20 (supp. 1), 76-96 (Jan.—March, 1957). (In 
Italian.) A device enabling exposures to various acceleration variations is described 
Zero g is obtainable for 4 sec. Results reported. (17 refs.) 


(454) Biological effects of primary cosmic radiation. D.G. Simons. Riv. Med 
Aevo., 20 (supp. 1), 47-75 (Jan.—March, 1957). (In Italian.) Results of experiments with 
balloon-borne mice. Indications are that radial spread of radiation effect is 20 times that 
predicted. (15 refs.) 

(455) The ecosphere of the solar planetary system. H. Strughold. Riv. Med 
Aero., 20 (supp. 1), 3-16 (Jan.—March, 1957). (Im Italian.) The ecosphere is the region 
in which solar radiation is at a suitable level for life. This extends from the orbit of Venus 
to beyond Mars. (12 refs.) 


MATERIALS 
(See also abstract no. 484.) 


(456) Rocket refractories. H.B. Porter. Navord Rept. 4893 (NOTS 1191), 44 pp., 
(dug. 1955). 


MISCELLANEOUS 
(457) Biography of M. Robert Esnault-Pelterie. Fusées, 1, 205-8 (Dac., 1956) 
(In French.) 


(458) Goddard—father of modern rocketry. G. V. E. Thompson. Spaceflight, 
1, 61-3 (Jan., 1957). 


PHYSICS 
(See also abstracts nos. 448 and 485.) 


(459) Irreversible stochastic thermodynamics and the transport phenomena 
in a reacting plasma. H. J]. Kaeppeler and G. Baumann. Forschungsinstitut fiir 
Physik der Strahlantriebe E. V. Report No. 8 (Nov. 1956). 


(460) Evolution and uncertainty of the unified field theory. J. Hely. Fusées, 
1, 209-12 (Dec. 1956). (In French.) Compares gravitic and electromagnetic theories 
(7 refs.) 

(461) On a system with reacting chemical components in equilibrium. H. | 
Kaeppeler and G. Baumann. Astronautica Acta, 3, 28-46 (1957). (In German.) The 
derivation of the equilibrium constants under various conditions is discussed. A system 
of equations for an arbitrary number of components and an arbitrary number of reactions 
is derived and a generalized method of solution given. This method is particularly suited 
for complex systems. (22 refs.) 

(462) Nuclear batteries studied by A.R.D.C. Aviation Week, 66 (26), 50-1 
(July 1, 1957). Notes on investigations being started for “‘space aircraft.”’ 


PROJECTILES 
(See also abstract no. 424.) 


(463) Ocerlikon rockets. M. F. Allward. Spaceflight, 1, 64-70 (Jan., 1957). De- 
scription of the firm’s anti-aircraft rockets. 


(464) First concept of the guided rocket. G. Manton. Aeronautics, 35 (5), 75 
(Jan., 1957). Description of radio-controlled rocket, work on which was carried out by 
Professor A. M. Low in 1916. 


(465) On the motion of a projectile in the atmosphere. \V.-Ch. Liu. Z. angew. 
Math. Phys., 8, 76-82 (Jan. 25, 1957). The equations of motion of a vertically ascending 
missile are solved for the case where the density varies exponentially with height. Theory 
is applied to two problems. (11 refs.) 
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(466) Russia’s guided missile program. Missiles and Rockets, 2, 33-41 (Feb., 
1957). A review of the probable missile types developed by the U.S.S.R. with tables of 
characteristics and map showing probable research and production centres, testing ranges 
and launching sites. 

(467) Soviet missile science profile. Missiles and Rockets, 2, 61-3, 65-7 (Feb., 
1957). Comments by leading American workers on the position of various aspects of 
Soviet missile development. 

(468) Submarine missiles: Reds move ahead. Missiles and Rockets, 2, 54-5 
(Feb., 1957). Largely based on war-time German work on under-water solid rockets. 

(469) What the Russians tell... and what they don’t tell. A. Parry. Missiles 
and Rockets, 2, 70-2 (Feb., 1957). Estimate of the Russian missile position based largely on 
Russian publications. 

(470) Optical tracking data speeded by human-engineered theodolite. Aviation 
Week, 66 (26), 71-2, 75-6 (July 1, 1957). A theodolite for missile tracking with facilities 
for rapid presentation of results in digital form, accuracy claimed 0-1 angular mil. 

(471) British fire Seaslug missile in Navy tests. Aviation Week, 67 (1), 135 
(July 8, 1957). Two pictures of Seaslug firings. 

(472) Dan Rockets will correlate solar flare, radio fadeout data for I.G.Y. 
R. Hawkes. Aviation Week, 67 (2), 65-6 (July 15, 1957). News report of first of 14 
Dan rockets, with details of test programme. 

(473) All-terrain vehicle handles Corporal. Aviation Week, 67 (3), 59 (July 22, 
1957). Method of handling and transporting Corporal missiles described. 

(474) “Farside” aims at 4,000 mi. altitude. Aviation Week, 67 (3), 29 (July 22, 
1957). News report and description of high altitude rocket programme. 

(475) Aeronutronic puts Ford in missile field. I. Stone. Aviation Week, 
67 (3), 52-5, 57 (July 22, 1957). News report of firm on its first anniversary, describes 
range of interests including missile and nuclear engineering. 

(476) Alouette fires SS. 10 missile. Aviation Week, 67 (4), 87 (july 29, 1957). 
Pictures of wire-guided missile fired from helicopter. 

(477) Low-cost rocket vehicle urged for high-altitude weather data. Aviation 
Week, 67 (4), 57, 59, 63 (July 29, 1957). Sanford Research Institute proposals. 

(478) Red Dean missile revealed by British. Aviation Week, 67 (4), 37 (July 29, 
1957). Exhibits at Farnborough Air Show described. 

(479) Farside rocket to fire through balloon. Aviation Week, 67 (5), 76-7 (August 
5, 1957). Illustrated article on scheme to reach 4,000 miles height with 3} lb. instruments. 


(480) Radioactivity used to recover rocket. Aviation Week, 67 (5), 83 (August 5, 
1957). Cobalt 60 or Antimony 124 used to help locate a test vehicle in 100 sq. mile area. 

(481) Various missile test nose cones survive re-entry in X-17 program. 
Aviation Week, 67 (6), 69, 71 (August 5, 1957). _News-item on three-stage re-entry rocket 
vehicle. 


ROCKET MOTORS 


(See also abstract no. 456.) 

(482) Heat transfer between solid particles and gas in a rocket nozzle. P. L. P. 
Dillon and L. E. Line. Experiment Inc. Rept. T.P.-101, 31 pp. (April, 1956). 

(483) Cooling rocket motors. English Electric Co., Ltd. Brit. Pat. Spec. 761,896, 
4 pp. (Nov. 1956). A method of regenerative cooling. 

(484) Fiberglas-reinforced plastic as a rocket structural material. K. D. 
Miller and S. M. Breslau. Jet Propulsion, 26, 969-72 (Nov., 1956). The application to 
highly stressed parts such as rocket cases is described. The very high strength-to-weight 
ratio makes possible substantial weight savings. Production methods for rocket cases 
are discussed. 

(485) Heat transfer and friction characteristics of red and white fuming nitric 
acid. H. Wolf, F. L. Gray and B. A. Reese. Jet Propulsion, 26, 979-84, 990 (Nov., 1956). 
Experimental evaluation under conditions simulating the regenerative cooling of a rocket 
motor. Correlating equations for heat transfer and friction coefficients were obtained for 
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W.F.N.A. With R.F.N.A. a deposit formed too rapidly for any correlation to be obtained. 
(9 refs.) 

(486) Rockets burning pre-mixed gaseous propellants. L. E. Bollinger. 
Shell Aviation News (222), 15-18 (Dec., 1956). Results of tests on a 25 Ib. thrust motor 
using pre-mixed oxygen and hydrogen. 


(487) Atomic energy and reaction propulsion. A. Ducrocq. Fusées, 1, 213-7 
(Dec., 1956). (In French.) Reviews the possibility of the direct application of fission 
products for propulsion in space. 


(488) Flight mechanics of photon rockets. E. Sanger. Fusées, 1, 253-9 (Dec. 
1956). (In French.) Possibilities of flight at speeds near that of light. (1 ref.) 


(489) Some considerations on film cooling in rocket motors. M. J. Zucrow and 
A. R. Graham. Fusées, 1, 279-93 (Dec., 1956). (In French.) Theoretical and experi- 
mental study. (26 refs.) 

(490) Power gas producing apparatus for rockets. D. Napier and Son, Ltd. 
Brit. Pat. Spec. 763,015, 10 pp. (Dec. 5, 1956). Gas generator and turbo-pump system. 


(491) Rocket motors. Armstrong Siddeley Motors, Ltd. Brit. Pat. Spec. 763,962, 
7 pp. (Dec. 19, 1956). Method of pre-heating oxidant. 


(492) Contribution to the theory of the steam rocket. H. Bednarczyk. Astro- 
nautica Acta, 3, 153-76 (1957). (Im German.) Thermodynamic phenomena are analysed 
and design equations are given. (17 refs.) 

(493) Efficiency of supersonic nozzles for rockets and some unusual designs. 
R. P. Fraser, P. N. Rowe and M. O. Coulter. Proc. Instn. Mech. Engrs., 171, 553-80 (1957). 
Reports tests on small nozzles and recommends best design for simple conical divergence 
nozzle from which an efficiency of 96 per cent. can be obtained. An attempt is made to 
relate thrust losses to a simple theory. (23 refs.) 


(494) On a possibility of raising the exhaust velocity of a rocket motor. W. 
Peschka. Astronautica Acta, 3, 100—9 (1957). (In German.) The use of a system similar 
to film cooling for dealing with high combustion temperatures and the performance obtain- 
able by expanding hydrogen. 

(495) On the flight mechanics of the photon rocket. E. Singer. Astronautica 
Acta, 3, 89-99 (1957). (In German.) (1 ref.) Also pub. in Fusées, 1, 261—7 (Dec., 1956), 
q.v. for abs. (no. 488). 


(496) The V2 power plant. A. V. Cleaver. Spaceflight, 1, 84-5 (jan., 1957). 
Brief description. 

(497) Preventing damage to rocket-motors etc. by overheating. Armstrong 
Siddeley Motors, Ltd. Brit. Pat. Spec. 765,669, 6 pp. (Jan. 9, 1957). The use of a dis- 
ruptable member to cut off the propellent supply to a gas generator. 


(498) O-ring valve used in manned rockets. Aviation Week, 67 (2), 27 (July 15, 
1957). Announcement of new series of propellent valves. 
- 


(499) Nuclear rockets. Beyond tomorrow. Nucleonics, 16, 73-5 (july, 1958). 
Considers gaseous working fluid, fusion, electrical arc and ion propulsion. (8 refs.) 


(500) Nuclear rockets. Nuclear-rocket timetable. Nucleonics, 16, 69 (July, 
1958). In 1957 four programmes were announced—Rover, nuclear rockets; Pluto, nuclear 
ramjet; Snap, auxiliary nuclear power for satellites; and ion propulsion. During 1958 the 
first test of a nuclear rocket reactor should take place; 1959-60 reactor type will be chosen; 
1965-70 first nuclear rocket flight. 

(501) Nuclear rockets. Basic principles. J. Grey. Nucleonics, 16, 62—5 (july, 
1958). Considers various missions and the exhaust velocities required to accomplish these. 
Compares chemical nuclear working fluid rockets. (2 refs.) 

(502) Nuclear rockets. Rocket-reactor design. M.M.Levoy and J. J. Newgard. 
Nucleonics, 16, 66-8 (July, 1958). Suggests use of thermal reactor and considers various 
design features, especially fuel element construction for the high temperature conditions 
involved. 

(503) Nuclear rockets. Los Alamos’ Project Rover. R. E. Schreiber. 
Nucleonics, 16, 70-2 (July, 1958). Description of the facilities. Tests will be controlled 
remotely as will the disassembly of the reactor after test. 
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ROCKET PROPELLANTS 

(See also abstract no. 461.) 

(504) Mbollier charts for the decomposition of hydrogen peroxide—water 
mixtures. I. Forsten. jet Propulsion, 26, 985-8 (Nov., 1956). Deals with concentra- 
tions of 70, 80 and 90 weight per cent. (10 refs.) 

(505) A solid-liquid rocket propellant system. G. E. Moore and K. Berman. 
Jet Propulsion, 26, 965-8 (Nov., 1956). A self-igniting system employing 90 per cent 
hydrogen peroxide and polyethylene is described. The system has the advantage of 
a monopropellant for control, hard starts cannot occur and the theoretical specific impulse 
is 228 sec. at 300 p.s.i. 

(506) The properties of hydrogen and water as working fluids in a nuclear 
rocket motor. I. Sanger-Bredt. Astronautica Acta, 3, 241-80 (1957). (In German.) 
Enthalpy-entropy diagrams, including dissociation and ionization are presented for both 
fluids, over the pressure range 10 to 10-* atmosphere and temperature range 500 to 10,000° K. 
Performances as working fluids are deduced and additional hydrides of light metals are 
examined. Heat transfer and methods of heating are also discussed. (22 refs.) 

(507) Boron fuel stability improved, full production starts in 1959. J.S. Butz. 
Aviation Week, 67 (2), 27 (Julv 15, 1957). News item on availability of borane fuels. 


REVIEWS 


a Saucers: An Analysis of the Air Force Project Blue Book Special Report No. 
4. By Leon Davidson. (With an Appendix consisting of a photo-offset copy of the 

fall text of the Air Force Project Blue Book Special Report No. 14, dated May 5, 

1955 and some of the important tables and figures from that report.) 11 x 8} in. 

Pp. x + 84, with 27 illustrations. December, 1956. White Plains, N.Y.: Dr. Leon 

Davidson, 64 Prospect Street. ($1.00.) 

Readers of this journal will be interested in Flying Saucers, whatever they believe 
about them. Many will have read a press release issued by the U.S. Department of 
Defense on 25 October, 1955, with the heading ‘‘Air Force Releases Study on Unidentified 
Aerial Objects.’’ This release was accompanied by the summary of a report ‘‘Analysis of 
Reports of Unidentified Aerial Objects, 5 May, 1955” originating from the Air Technical 
Intelligence Center (ATIC), Wright-Patterson Air Force Base, Dayton, Ohio. The full 
original version of the ATIC report has not been generally distributed on the grounds of 
cost—Secretary of the Air Force Donald A. Quarles has stated that, if distributed to the 
public, each copy would cost between $10 and $15. Dr. Davidson must therefore be 
congratulated on privately financing the publication of a shortened version of the ATIC 
report. 

4 ay to make the report more widely available to the public was clearly not the 
only motive which prompted Dr. Davidson, for in his publication he levels a series of 
criticisms at the ATIC report and at the way in which the U.S. Air Force released the 
results to the public. On the whole, this reviewer comes out on the side of the Air Force. 
The subject of Flying Saucers has attracted so much controversy during recent years that 
it behoves any participant to be as factual and specific as possible. Therefore Dr. Davidson's 
points are discussed one by one in this review. Before proceeding with these, however, the 
conclusions of the ATIC report are reproduced below, in order to set the scene and to aid 
readers to form their own opinions: 

“It can never be absolutely proven that ‘flying saucers’ do not exist. This would 
be true if the data obtained were to include complete scientific measurements of the 
attributes of each sighting, as well as complete and detailed descriptions of the objects 
sighted. It may be possible to demonstrate the existence of ‘flying saucers’ with data 
of this type, /F they were to exist. 

“Although the reports considered in this study usually did not contain scientific 
measurements of the attributes of each sighting, it was possible to establish certain 
valid conclusions by the application of statistical methods in the treatment of the data. 
Scientifically evaluated and arranged, the data as a whole did not show any marked 
patterns or trends. The inaccuracies inherent in this type of data, in addition to 
the incompleteness of a large proportion of the reports, may have obscured any patterns 
or trends that otherwise would have been evident. This absence of indicative relation- 
ships necessitated an exhaustive study of selected facets of the data in order to draw 
any valid conclusions. 
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“A critical examination of the distributions of the important characteristics of 
sightings, plus an intensive study of the sightings evaluated as UNKNowN, led to the 
conclusion that a combination of factors, principally the reported maneuvres of the 
objects and the unavailability of supplemental data such as aircraft flight plans or 
balloon-launching records, resulted in the failure to identify as KNowns most of the 
reports of objects classified as UNKNOWNS. 

“‘An intensive study, aimed at finding a verified example of a ‘flying saucer’ or at 
deriving a verified model or models of ‘flying saucers’ (as defined on p. 1), led to the 
conclusion that neither goal could be attained using the present data. 

“It is emphasized that there were a complete lack of any valid evidence consisting of 
physical matter in any case of a reported unidentified aerial object. 

“Thus, the probability that any of the UNKNowNns considered in this study are 
‘flying saucers’ is concluded to be extremely small, since the most complete and reliable 
reports from the present data, when isolated and studied, conclusively failed to reveal 
even a rough model, and since the data as a whole failed to reveal any marked patterns 
or trends. 

“Therefore, on the basis of this evaluation of the information, it is considered to 
be highly improbable that any of the reports of unidentified aerial objects examined 
in this study represent observations of technological developments outside the range of 
present-day scientific knowledge.” 


Dr. Davidson presents his specific criticisms in question and answer form. They are 
given the same numbers here, but have been abbreviated for convenience: 


(1) The first criticism draws a comparison between the figures quoted in the Department 
of Defense press release and Summary on one hand and the (unpublished) ATIC report 
on the other. To make things clearer (and also for general interest) the reviewer has 
prepared the following table: 


EVALUATION OF FLYING SAUCER REPORTS BY PERIODS 











June 1947 to 1 Jan. 1953 to 1 Jan. 1955 to 
Evaluation 31 Dec. 1952* 31 Dec. 1954t 5 May 1955t 

(%) (%) (%) 
Balloons ne ow ‘i 14 16 26 
Aircraft ou +h - 20 20 21 
Astronomical . . a ie 25 25 23 
Other .. tie ill Sad 10 13 20 
Insufficient information ~~ 9 17 7 
Unknown Se Ss << 22 9 3 
Total numbers o% oa 3,201 854 131 




















* Period covered by the ATIC report (unpublished) 
t Periods quoted by the press release and Summary 


Dr. Davison suggests that the UNKNowNn figures from the ATIC report for the 1947-52 
period were not publicised by the Air Force because they did not want the public to know 
that such a high percentage of UNKNowns had been left unexplained. The implication 
appears to be that the Air Force were worried about the high percentage of unexplained 
sightings, and they are guilty of suppressing important data. But the reviewer gets quite a 
different impression of the Air Force’s motive in quoting only the later figures to the public. 
It is rather that they wished to avoid emphasizing unimportant data, namely the mass of 
subjective, unscientific reports received prior to 1953. In the published Summary, the Air 
Force say: 

“On the basis of this study it is believed that all the unidentified aerial objects 
could have been explained if more complete observational data had been available. 

In so far as reported aerial objects which still remain unexplained are concerned, there 

exists little information other than the impressions and interpretations of their observers. 

As these impressions and interpretations have been replaced by the use of improved 

methods of investigation and reporting, and by scientific analysis, the number of 

unexplained cases has decreased rapidly towards the vanishing point.” 
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Thus the Air Force wished to stress that (as they also say in the Summary): 

“As the study of the current cases progressed, it became increasingly obvious that 
if reporting and investigating procedures could be further improved, the percentages 
of those cases which contained insufficient information and those remaining unexplained 
would be greatly reduced. The key to a higher percentage of solutions appeared to 
be in rapid ‘on the spot’ investigations by trained personnel.” 

(2) In the ATIC report, a large number of statistical ‘‘Chi square“ significance tests 
were applied to the data, to determine whether the class of UNKNOWNS was essentially the 
same in major characteristics as the class of KNowns. As Dr. Davidson points out, 
on the basis of these tests, ‘there is very little probability that the UNKNowns were the 
same as the KNowns. But they (ATIC) refuse to admit that this meant that ‘saucers’ could 
be a real type of novel object.’’ In fact, these tests are judged as inconclusive in the ATIC 
report. It is also pointed out that ‘““The UNKNowNs may be known objects in different 
proportions than the group identified as KNowns. (That is, a greater percentage of the 
UNnKNowNns could be aircraft than the percentage of aircraft in the identified KNowns.)” 
While this mundane and unexciting explanation apparently does not satisfy Dr. Davidson, 
the reviewer finds it quite a sensible suggestion. 

(3) Dr. Davidson complains that the definition of “flying saucers” used by ATIC does 
not mention “interplanetary vehicles.’’ The definition in fact reads ‘‘a novel, airborne 
phenomenon, a manifestation that is not a part of or readily explainable by the fund of 
scientific knowledge known to be possessed by the Free World.”” There is plenty of room 
in this definition for “interplanetary vehicles” and as far as the reviewer can see, there is 
no need for mentioning them as a specific class (see also criticism (6) ). 

(4) After casting a statistical net, ATIC weed out and present 12 of the best descriptions 
of “flying saucers’’ for detailed discussion. Dr. Davidson says of this section that it 
contains “‘utter nonsense.’’ He accuses ATIC of leaving out many other suitable sightings, 
hindering readers in trying to identify the selected cases, deliberately falsifying the sketches 
in the report, and refusing the acknowledged “‘remarkable resemblances’’ between some 
of the cases. While admitting that the way in which ATIC treat these selected 12 cases 
seems rather arbitrary, the reviewer would certainly not go as far as Dr. Davidson. Perhaps 
the truth of the matter is that the evidence at hand is so inconclusive, that it is all a matter 
of whether you want to find proof of flying saucers or not. 

(5) After finding no strong family resemblances among the 12 selected ‘‘flying saucer 
models,’’ ATIC say “It may be that some reports represent observations of not one but 
several classes of objects that might have been ‘‘flying saucers” ; however, the lack of evidence 
to confirm even one class would seem to make this possibility remote.’’ Dr. Davidson 
says that, on the contrary, this should be considered evidence that there may be more 
than one class of “flying saucers.’’ In the reviewer’s opinion, Dr. Davidson seems to 
have missed the point here. ATIC appear to be saying that if there are real flying saucers, 
all the collected sightings should show evidence of at least one class of objects all bearing a 
close resemblance to each other. The fact that (in the opinion of ATIC at least) the 
sightings do not show one such class, is a good argument against the reality of the ‘‘flying 
saucers.” 

(6) Dr. Davidson complains that ‘Nowhere is there any discussion as to whether or 
not there is evidence to prove or disprove that saucers might be extraterrestrial objects or 
devices.”” This seems to be prejudging the issue with a vengeance. Why should there be, 
when ATIC obviously disbelieve that there is anything out of the ordinary behind the 
sightings? 

(7) Dr. Davidson points out that no account has been taken in the ATIC report of 
the manceuvrability reported for each sighting. The reviewer agrees that this is a pity, 
since the unusual manceuvrability quoted in many sightings is one of the flying saucers’ 
distinguishing characteristics. 

(8) The statistical analysis of the thousands of reports received by ATIC was carried 
out on an IBM computer using punched cards. The punching code for ‘‘Final Identifica- 
tion’”’ as given in one of the appendices to the ATIC report, shows that two changes had been 
made during the course of the investigation. ‘“‘Rocket or Missile’’ was‘*changed to “‘In- 
sufficient Information,’’ and “Electromagnetic Phenomenon”’ was changed to “Unknown.” 
Dr. Davidson reads a good deal of hidden meaning behind these changes. A much more 
realistic (but much less exciting) explanation appears to escape him. The IBM punched 
cards only have room for 10 rows of holes, and the changes could merely be a rearrangement 
of the classifications (suggested by experience as the analysis progressed) so as to use these 
10 spaces more usefully. 

The general impression the reviewer obtains from the ATIC report and Dr. Davidson's 
criticisms is that there is so little to go on that the field is wide open for speculation. Nobody 
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can deny the possibility that unusual but real aerial objects have in fact been observed, 
but at the same time nobody can prove it. Because of the lack of really solid evidence 
either way, the only justifiable attitude is one of an open mind. But human nature being 
what it is, most people will have a predisposition one way or the other. 

Dr. Davidson’s attitude towards the ATIC report and to flying saucers can be judged 
by a paragraph with which he prefaces his specific criticisms: 

“It will probably be evident to careful readers of the Report No. 14, even in its 
full original edition that the Air Force “‘analysis”’ will not bear careful scrutiny. Through- 
out its “investigations,” the Air Force has withheld information from the public. 
As a result, it is impossible for interested members of the general public to find out all 
that has been reported about flying saucers. The public has not had access to all the 
photographs and other evidence which the Air Force has amassed on the subject. 
Under these conditions, the public has not been able to draw the correct conclusions 


-” 


about the nature of the ‘saucers’. 


One is tempted immediately to ask Dr. Davidson what the correct conclusions are, 
but he does not give them in his publication, except by implication. 
The attitude of ATIC is clearly stated in their report: 

“It is a definite fact that upon reading a few reports, the reader becomes convinced 
that ‘flying saucers’ are real and are some form of sinister contrivance. This reaction 
is independent of the training of the reader or of his attitude towards the problem prior 
to the initial contact. It is unfortunate that practically all of the articles, books, and 
news stories dealing with the phenomenon of the ‘flying saucers’ were written by men 
who were in this category, that is, men who had read only a few selected reports. This 
is accentuated by the fact that, as a rule, only the more lurid-sounding reports are 
cited in these publications. Were it not for this common psychological tendency to be 
captivated by the mysterious, it is possible that no problem of this nature would exist. 

“The reaction, mentioned above, that after reading a few reports, the reader is 
convinced that ‘flying saucers’ are real and are some form of sinister contrivance, is very 
misleading. As more and more of the reports are read, the feeling that ‘saucers’ are 
real fades, and is replaced by a feeling of skepticism regarding their existence. The 
reader eventually reaches a point of saturation, after which the reports contain no new 
information at all and are no longer of any interest. This feeling of surfeit was universal 
among the personnel who worked on this project and continually necessitated a con- 
scious effort on their part to remain objective.” 


Until he himself sees a flying saucer, or reads of scientific and official recognition of 
them, the reviewer will continue to share ATIC’s attitude. D. J. CaSHMORE. 


Guided Weapons. By Eric Burgess. 8} x 5}in. Pp. 255 with 74 illustrations. 1957. 

London: Chapman and Hall. (25s.) 

This book, according to the preface, is an attempt to introduce the reader to the funda- 
mentals, both historical and technical, on which guided weapons are based. It cannot be 
said that the attempt is successful: for it to have been, the author would have had to sit 
down and really think about his subject, rather than string together publicity releases 
from manufacturers and government agencies, extracts from magazines (many being the 
author’s earlier writing), and pieces of articles from technical journals. The connecting 
material, which presumably is the author’s work, generally contrasts markedly in style 
and level with the more detailed and technical descriptive passages. 

The chapters deal with Systems and Missiles (an introduction), Propulsion and Pro- 
pellants, Guidance and Control, Testing and Test Facilities, the three main families of 
missiles (ground-to-air, air-to-air, and ground-to-ground), and Production and Develop- 
ment. It is the reviewer’s opinion that, while some useful information is contained in 
these chapters, it is not well enough presented to be of any great value, either as giving a 
broad picture to the non-specialist, or as supplying the technician with help in his work. 
Security is always a hindrance when trying to be detailed about the present subject, but 
the author could have given a much clearer general picture if he had taken the trouble to 
reduce the unintelligible technicalities to simple language. He should not, for example, 
bandy about words like Loran, phantastron, and schlieren, without at least defining them 
properly (the definition given of the schlieren optical viewing system for phenomena in gas 
streams is downright misleading). The assumption that must be drawn is that the author 
has not been able to make this reduction because he does not know precisely what he is 
talking about: support is given for this by the presence of many mis-spellings of proper 


names. E. T. B. Situ. 





556 REVIEWS 





The Planet Jupiter. By Bertrand M. Peek. 8} x 5} in. Pp. 283, with 14 figures 
and 17 plates. 1958. London: Faber & Faber. (42s.) 


Of all the planets, those which display the greatest amount of surface detail are Mars 
and Jupiter. Mars is only well seen when comparatively near opposition, and since 
oppositions occur only at intervals of some 780 days there are long periods when the planet 
is too remote to be properly studied even by means of large instruments. Jupiter, how- 
ever, comes to opposition each year. Relatively modest telescopes suffice for valuable 
observational work to be carried out, and since the surface features are constantly changing 
there is a great deal of research which needs to be done. The importance of visual observa- 
tion has been underlined in recent years by the discovery that Jupiter is a radio source. 

Under these circumstances, it is rather surprising that no book dealing with Jupiter 
has appeared long before now. The omission has at last been rectified, and few people 
know more about the subject than Bertrand M. Peek; for many years he was Director of 
the Jupiter Section of the British Astronomical Association, and his own work in connection 
with the planet has earned him an international reputation. 

The book begins with a 27-page Part headed “Introduction,” including General Remarks 
and Particulars, Nomenclature, and Glossary of Astronomical Terms. The section is very 
clear, and will enable the non-technician to follow the rest of the book without difficulty, 
particularly in view of the fact there is no mathematics anywhere except in a short Appendix. 

The second Part, ‘“‘Observations of Jupiter’s Surface,”’ covers nearly 200 pages, and 
thus forms the major section of the work. The author first describes ““The Aims, Methods 
and Limitations of Visual Observation,’ and also gives some attention to points such as 
the choice of instrumental equipment and hints on the delineation of drawings. There 
follow ‘‘Observations of Colour,’”’ Observations of Position,’’ and ‘‘The Observations,’’ the 
latter section involving details such as periodicity in colour-changes (suspected, but not yet 
proved!) and the measurement of belt latitudes. Next the author describes each region 
of the planet, beginning in the far north with ‘‘The North Polar Region to North-North 
Temperate Belt,’’ and working his way through the temperate and tropical zones until 
reaching the south pole. Succeeding chapters are devoted to features of special interest, 
such as the Great Red Spot and the extraordinary oscillating spots of 1940-42. Each 
statement is fully authoritative, and is backed by Peek’s own great observational experi- 
ence. We then read about “Photographic, Spectroscopic and Radio Observations’’; the 
radio section is short, and is in fact headed ‘‘Preliminary Notes on a very recent discovery,” 
but will presumably be extended in the next edition of the book. 

Part III, “Theoretical Considerations,’’ amounts to 30 pages. The various hypotheses 
concerning the composition of Jupiter are discussed, and in Chapter 29 the author proposes 
“‘a suggested explanation of the presence and behaviour”’ of the Great Red Spot. Part IV, 
“‘The Satellites,’’ deals almost entirely with the four large members of the Jovian system, 
and there is a particularly interesting section upon ‘“‘Mutual Occultations and Eclipses, 
Surface Features and Freak Observations.’’ Finally comes the Appendix, which includes 
“Reduction of Latitude Measurements,” ‘‘The Time of Apparent Central Meridian Passage 
of a Satellite Shadow in Transit,” ‘Movement of the Central Meridian,’’ and ‘Critical 
Tables for the Conversion of Change of Longitude in Thirty Days to Rotation Period.” 

From the above brief description, it will be seen that Peek’s book is devoted essentially 
to visual observations of the surface of Jupiter and to deductions which can be made from 
these observations. The theorist who needs a highly-technical mathematical exposition 
of conditions near planetary centres will not find it here; but this is not what the book is 
for. Some (not all) of the observational material has been published before, particularly 
in the Jupiter Section Memoirs of the British Astronomical Association, but it has certainly 
never been collected and analyzed in such a way. 

A book which centains so much detail, and which is devoted to so specialized a subject, 
could easily become dull. Peek has avoided any such trap, as his style is extremely read- 
able, and he gives his information without any suggestion of heaviness. Misprints are almost 
entirely absent. The reviewer has detected only one—a misplaced photograph caption. 

The diagrams and illustrations are extremely satisfactory, and include some good 
photographs from Palomar, Mount Wilson and the Pic du Midi Observatories. The print 
and presentation of the whole book leave nothing to be desired. 

Adverse criticism is absent from this review simply because the reviewer has found 
nothing which justifies it. Peek has produced what is certain to become the standard 
work upon Jupiter; no student of the Solar System can afford to be without it, and it 
should indeed be found in every astronomical library, as it is of value to the layman, the 
amateur observer, and the professional theorist alike. Both author and publishers deserve 


the highest congratulations. 
re - PaTRICK Moore. 

















